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THE OXIDATION-REDUCTION POTENTIALS OR ALABAMA 
SOILS AS AFFECTED BY SOIL TYPE, SOIL MOISTURE, 
CULTIVATION, AND VEGETATION* 

N. J. VOLK^ 

O XIDATION-REDUCTION potentials of soils have been used 
by a number of workers during the past five years for interpret- 
ing certain soil phenomena associated with plant growth and bac- 
terial action. Bradfield, Batjer, atid Oskamp {lY published data in 
1934 indicating that a relationship exists between the productiveness 
of apple trees and the redox potential of the soils in New York State. 
Sturgis (ii) found that reduction was intense in waterlogged rice 
fields provided active organic matter was present, but the Eh values 
obtained could not be used to interpret the ability of submerged soil 
to produce rice. According to Breazeale and McGeorge (2), reduction 
(especially denitidfication) begins when the puddling point has been 
reached in soils. Results obtained by Burrows and Cordon (3) re- 
vealed that dift'erent forms of organic matter caused different types of 
bacterial action and affected the development of dhlerent potentials. 
Remezov (9), working with podzols poor in humus, observed no 
changes in Eh on standing and concluded that changes in Eh are 
affected by weather, supply of organic matter, and biological action. 
Heintze (4) obtained reduction in soils in one to two days time by 
waterlogging them in the presence of easily decomposable organic 
matter. Data are presented by Kononova (6) to show that for certain 
soils the flood system of irrigation caused a fall in Eh and increased 
denitrification while furrow irrigation caused no such reactions, 
Smolik (10) found that drainage by means of tile caused a rise in Eh 
of 90 to 250 millivoltsfor certain podzols. Herzner (5), in studying the 
Eh of subsoils, found them to be more or less constant, due, he be- 
lieved, to the absence of bacteria. 

Remezov (8), while investigating the dyanamics of oxidation- 
reduction potentials, found that as podzols became more swampy the 
Eh fell. He also found that Eh decreased with depth, that sandy soils 
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varied more in Eh during the season than did clays, and that cli- 
matic factors caused greater differences in Eh than did cultural prac- 
tices or vegetation. 

In view of the results obtained by some of the above investigators, 
a project was begun at the Alabama Agricultural Experiment Station 
in 1936 for the purpose of determining the relation of redox potentials 
of soils to soil characteristics, fertility, weathering processes, decom- 
position of organic matter, and plant ecology. The present paper 
deals with the factors affecting soil Eh and with the magnitude of 
seasonal fluctuations of the Eh of Alabama soils under different 
cultural practices. 

SELECTION OF SOIL AREAS AND METHOD OF SAMPLING 

Since cultural practices might affect the Eh of soils, wherever possible two ad- 
jacent areas were selected on a given soil type — one being cultivated and the other 
being woodland or grassland. In most instances the two areas selected were not 
over ICO feet apart. These areas were carefully located on 24 different soil types 
scattered over the northern two-thirds of Alabama, several of which were located 
in each of the diffefhnt soil provinces. The soil types selected are given in Table 
I and, as will be noted, they include most of the common agricultural soils of the 
state. , 


Table i. — The arrangement of noncuUivated soil types according to the average 
annual Eh value of the o- to 8-inch depth. 


vSoil 

Eh at 
pH 6.0 

Soil 

Eh at 
pH 6.0 

i 

Soil : 

Bh at 
pH 6.0 

Durham fine 


Cecil sandy loam i 

521 

Waynesboro clay 


sandy loam 

496 

Haneeville fine 


loam 

538 

Wehadkee clay 

501 

sandy loam j 

. 523 i 

Conga re e clayi 


Norfolk sandy 


Leaf fine sandy 


loam 

539 

loam 

511 

loam 

528 

Eutaw clay 

54« 

Decatur clay 


Amite clay loam 

531 

Atkins clay 

541 

loam 

512 

Kalmia fine sandy 


Catalpa clay 

546 

Colbert clay 

514 

loam 

535 

Davidson clay 


Houston clay 

515 

Oktibbeha clay 

536 

loam 

■549 

Huntington clay 


Holly clay 

536 

Vaiden clay loam 

. 550 

loam 

519 

Susquehanna 


Vaiden clay loam 


Pope clay 

520 

sandy loam 

1 537 

(buckshot) 

,552. 


In order to obtain representative samples of these soils every 2 weeks through- 
out the year, five holes were bored at each location at each sampling date. Care 
was taken not to contaminate the soils from the o- to 8-inch, the 8- to 16- inch, 
and the 16- to 24-inch depths with each other. Each composite of five borings was 
quickly and thoroughly mixed and a portion of it was immediately placed in a 
60-cc bottle containing 30 cc of water saturated with nitrogen and cooled to about 
35° F. Enough soil was added to push the water just into the neck of the bottle, 
as this insured a uniform size of sample and at the same time excluded all of the 
air. The bottle was then corked with a paraffined cork and replaced in a c'ooler 
to prevent reduction (12). Another portion of the soil was placed in an airtight 
container and its moisture content determined later. 
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METHODS OF ANALYSES 

The analyses for redox potential and pH were made simultaneously within 
72 to 96 hours after sampling according to the methods described in a previous 
paper (12). In addition to Eh and pH, the moisture content of the soil at sampling 
time was determined. 

FACTORS AFFECTING SOIL Eh 
SOIL TYPE 

Since Eh is dependent on the kinds of ions in solution, their states 
of oxidation, and their relative concentrations, it appeared likely that 
different soil- types under similar cultural practices might have differ- 
ent Eh values, and this proved to be the case. In order to avoid man- 
induced complications existing in cultivated soils, it is best to con- 
sider only virgin areas when attempting to study any relation that 
may exist between soil Eh and soil type. The virgin soils studied m 
Alabama have been arranged according to their average annual Eh 
values as shown in Tables 1,2, and 3. When the results are examined, 
differences are found in Eh values of soils which are difficult to explain. 
For example, Atkins clay, Catalpa clay, and Holly clay, which are 
more or less swampy soils knovni to be in a waterlogged state for long 
periods of time, were found to be considerably higher in Eh than 
several soils known to be well-oxidized, such as Decatur clay loam and 
Cecil sandy loam. 


Tabi.e 2 . — The arrangement of nonmltimted soil types according to the average 
aitnual A of the 8- to i6-mch depth. 


Soil 

Eh at 
ph 6.0 

Soil 

Eh at i 
pH 6.0 ! 

Soil 

Ell at 
pH 6.0 

Wehadkee clay 

297 

Amite clay loam 

528 

Holly clay 

540 

Houston clay 

505 

Oktibbeha clay 

1 530 

Leaf fine sandy 


Golbert clay 

510 

Waynesboro clay 

loam 

541 

Decatur clay 


loam 1 

532 ■ 

Eutaw clay i 

542 

loam 

513 

Norfolk sandy 

Catalpa clay 

549 

Huntington clay 


loam 

532 

Davidson clay 


loam 

517 

Susquehanna 

loam 

551 

Durham fine 

sandy loam 

533 

Congaree clay 

sandy loam 

519 

Hanceville fine 

loam 

552 

Cecil sandy loam 

521 

sandy loam 

533 

Atkins clay 

552 

Pope clay 

521 

Vaiden clay loam 

Kalmia fine 




(buckshot) 

535 

sandy loam 

553 



Vaiden clay loam 

53B 




Because of these results it is considered inadvisable to compare one 
soil type with another as regards Eh and to interpret from that com- 
parison a difference in the states of oxidation, Peech and Boynton (7) 
have shown that poorly drained soils often contain Mn02 concretions. 
It is possible that such a condition existed in Atkins clay, Catalpa 
clay, and Holly clay and that stirring of those soils during analysis 
allowed the MnOa to oxidize certain compounds existing in those soils 
•in a reduced state. To the author, however, it seemed more reasonable 
to believe that the Eh of those particular soils was more dependent on 
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the kinds and ratios of materials in solution than upon the states of 
oxidation of those materials. The above statement, however, does not 
mean that reduction of the compounds existing in a given soil would 
not cause a drop in potential. 


Table 3. — The arrangement of noncuUivated soil types according to the average 
annual Eh of the 16- to 24-inch depth. 


Soil 

Eh at 
ph 6.0 

Soil 

Eh at 
pH 6.0 

Soil 

Eh at 
pH 6.0 

Wehadkee clav 

315 

Susquehanna 


Leaf fine sandy 


Cecil sandy loam 

479 

sandy loam 

520 

loam 

534 

Colbert clay 

483 

Pope clay 

520 

Waynesboro clay 


Houston clay 

503 

Vaiden clay loam i 

523 

loam 

536 

Amite clay loam i 

504 

Norfolk sandy 


Catalpaclay 

539 .. 

Durham fine 


loam 

524 

Holly clay 

541 

sandy loam 

509 

Hanceville fine 

525 

Atkins clay 

545 

Huntington clay 


sandy loam 

525 

Kalmia fine 


loam 

515 

; Decatur clay loam 


sandy loam 

550 

Oktibbeha clay 

519 

Vaiden clay loam 

527 

Davidson clay 




(buckshot) 

534 

loam 

552 



Eutaw clay 


Congaree da}-" 






loam 

555 



Fig. I. — Seasonal fluctuations in Eh, pH, and soil moisture at three depths for 
the average of 40 arable soils of Alabama. 


CULTIVATION VS. CONTINUOUS VEGETATIVE COVER 

There is ample evidence to show that the decomposition of organic 
matter under waterlogged conditions usually results in a marked 
lowering of the Eh even though different kinds of organic matter 
produce different by-products during decomposition and thus affect 
the potential differently (3). Since the cultivation of soils causes a 
depletion of organic matter, it is reasonable to expect that cultivated 
soils will have higher potentials than corresponding soils under con- 
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tinuous vegetation (grass and trees). A study of the data in Table 4 
shows that there is a difference in the Eh of the surface of cultivated 
and noncultivated soils in many cases, but that no consistent differ- 





Fig. 2. — Seasonal fluctuations in Eh, pH, and soil moisture at three depths for 
the average of four swampy soils of Alabama: Wehadkee clay, Holly clay, 
Pope clay, and Atkins clay. 



Fig 3. — Seasonal fluctuations in Eh, pH, and soil moisture for Congaree clay 
loam, Huntington clay loam, Waynesboro clay loam, Leaf fine sandy loam, 
and Kalmia fine sandy loam (woodland soils). 


ence exists in the subsoils. The greatest differences were found to occur 
in the. alkaline Black Belt soils where grassland showed an average of 
44 millivolts lower than cultivated land in the surface o- to 8-inches 





Piedmont 

519 521 518 

548 549 553 

555 539 571 

542 496 521 

541 526 541 536 I 523 1 524 

Limestone Valley 


Decatur day loam 543 5^2 53^ 5L5 fr? 

Huntington clay loam 543 5^9 544 5 ^7 53/ 

Colbert clay . 539 514 527 5 io 5 oi 4^3 

Average. 542 515 53^ 5I3 52 1 508 

Appalachian 

Hanceville fine sandy loam. .... . 525 523 533 533 5^9 525 

W aynesboro clay loam . ........ 530 538 540 532 539 53” 

Average 5^8 53^ 537 533 534 53^ 


Acid Black Belt 

509 535 

520 542 

552 538 

526 530 

527 536 


Alkaline Black Belt 


Catalpaday 

... 5S6 

546 

584 

549 

573 

. , 539 - 

Houston day 

• ■ ■ 564 

; 5 I 5 

530 

.. 5 ” 5 , 

529 

; 503, 

Average 

• ■ • 575 

531 

557 

■■ 527 

55 ? 

: : 52,:?.' 


Coastal Plain 





Leaf fine sandy loam 

. . . 549 

528 

546 

54 ? 

-529 '1 

:'v'"'534 

Kalmia fine sandy loam 

... 497 

535 

506 

553 

■.■V'5l6,r 


Amite day loam 

538 

531 

522 

528 

506 

■■.■,,504 

Susquehanna sandy loam . . . . 

. • . 525 

537 

498 

533 

494 

520 

Norfolk sandy loam 

. * • 543 


549 

: ^ 532 -; 

54 ? 

524 


- • • 530 


524 

537 


526 

Average for all soils 

. . . 541 

530 

534 

"532 

525 

523. 


519 527 

5L3 534 

542 523 

520 519 

524 ;'526 


Vaiden day loam (buckshot) . . . 

. 518 

552 

Eutawday 

. 532 

540 

Vaiden day loam 

• 576 

550 

Oktibbeha clay 

■ 546 

536 

Average i . . 

■ 543 

545 


521 

483 

479 

55? 

547 

552 

552 

57? 

555 

5?9 

49? 

509 


Cecil sandy loam. 

Davidson clay loam 

Congaree clay loam. . . . . 
Durham fine sandy loam 

Average. 
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and about 30 millivolts lower in the 8- to 16- and 16- to 24dnch depths. 
These differences, however, appear to be of insufficient magnitude to 
be considered factors in affecting plant growth from the standpoint of 
potential alone. 




Fig. 4. — Seasonal fluctuations in Eh, phi, and soil moisture for Congaree clay 
loam, Huntington clay loam, Waynesboro clay loam, Leaf fine sandy loam, 
and Kalmia fine sandv loam (cultivated soils). 




Fig. 5. — Seasonal fluctuations in Eh, pH, and soil moisture for Cecil sandy 
loam, Davidson clay loam, Decatur clay loam, Hanceville fine sandy loam, 
Amite clay loam, and Norfolk sandy loam (woodland soils). 
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Fig. 6. — Seasonal fluctuations in Eh, pH, and soil moisture for Cecil sandy 
loam, Davidson clay loam, Decatur clay loam, Hancevillp fine sandy loam, 
Amite clay loam, and Norfolk sandy loam (cultivated soils). 



Fig. 7. vSeasonal fluctuations in Eh, pH, and soil moistui*e for Durham fine 
sandy loam, Colbert clay, and Susquehanna sandy loam (woodland soils). 


SOIL MOISTURE 

Previous to this study, it was generally believed that an increase in 
soil moisture would cause a lowering of soil Eh as a result of increased 
bacterial action. Results (Fig. i) obtained at the Alabama Experi- 
ment Station, however, reveal that, while there is a definite relation 
between the ^ount of moisture in the soil and the resultant Eh, the 
relationship is the reverse of wha.t might be expected. As the soil 
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moisture increases the Eh increases, and nee versa: A possible explana- 
tion of this may be as follows: The rain contains a good supply- Df 
oxygen and as it passes into the soil it oxidizes existing reduced com- ‘yi 
pounds and causes a rise in the Eh of the soil. Later, the bacteria get" ' ' 
into full action and deplete the soil of oxygen and it remains so until 
bacterial action subsides due to a lack of moisture or organic matter. 
Such a cycle in the soil could easily account for the results given in 





Fig. 9 — Seasonal fluctuations in Eh, pH, and soil moisture for Vaiden clay 
loam (buckshot), Vaiden clay loam, Eutaw clay, and Oktibbeha clay 
(woodland soils). 
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Fig. 10, — Seasonal fluctuations in Eh, pH, and soil moisture for Vaiden clay 
loam (buckshot), Vaiden clay loam, Eutaw clay, and Oktibbeha clay (culti- 
vated soils). 

Figs. I to 12, inclusive. The above theory is further supported by the 
fact that the Eh of a stagnant mudhole proved to be lower before a 
rain than after. 

A study of Figs, i to 12, inclusive, shows that during the wet 
months (late fall, winter, and spring) the potential is the highest, 
while during the drier summer months the potential is lower. The 
above trend did not hold consistently in the case of swamp soils which 



'Fig. ir. Seasonal fluctuations in Eh, pH, and soil moisture for Catalpa clay 
and Houston clay (woodland soils). 
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remained in a waterlogged state the greater part of the year (Fig. 2). 
The peculiar behavior of these swamp soils depends on a number of 
factors, such as the amount of material carried into them by flood 
water, the degree to which they dry out during certain seasons, the 
amount of food available to bacteria in the stagnant water, and the 
temperature of the water. 

Even though seasonal fluctuations in Eh did occur for the arable 
soils, the fluctuations were of such small magnitudes (around 60 
millivolts as a maximum as measured by the author’s method) that 
it hardly seems possible that they could affect plant growth to any 
degree. 



Fig. 12. — Seasonal fluctuations in Eh, pH, and soil moisture for Catalpa clay 
and Houston clay (cultivated soils). 


DISCUSSION 

The Eh of a soil is the intensity factor in oxidation and reduction 
just as pH is the intensity factor in soil acidity — the pH is dependent 
on the hydrogen-ion concentration, whereas the Eh is dependent on 
the relative concentrations and states of oxidation of all ions present 
and thus must be calculated to a common pH value for comparative 
purposes. Different ions in the same state of oxidation have different 
Eh values and identical ions in different states of oxidation have 
different Eh values. Thus it is believed that it is possible for some ions 
existing in an oxidized state in soils to have lower Eh values than 
other ions existing in soils in a reduced state. Therefore, when the Eh 
of any given soil is obtained it is doubtful whether or not its state of 
oxidation or reduction is known since the potential depends not only 
on the ratio of oxidized to reduced phases of the ions present but also 
on the kinds and relative amounts of ions present. Also, if a particular 
soil changes in Eh during the season, one cannot definitely say there 
is a change in the state of oxidation because the factor or factors 
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causing the change in Eh may have brought into solution or thrown 
out of solution ions of different chemical composition and different 
Eh values without altering the state of oxidation of the soil as a whole. 

Considering the points set forth above, it is believed quite possible 
that the changes in Eh occurring in arable Alabania soils are of little 
consequence as regards plant growth. A study dealing with this phase 
of the problem is in progress and the results will be reported at a later 
date. 

SUMMARY 

This study was undertaken for the purpose of determining some of 
the factors affecting soil Eh and to determine the magnitude of the 
fluctuations in Eh for different Alabama soils under different cultural 
practices. The results obtained are as follows : 

1. Cultivated soils generally have a slightly higher Eh (about lo 
millivolts) in the o- to 8-inch depth than do woodland and grassland 
soils, but this difference is not carried into the subsoil as a rule. 

2. Differences in Eh due to soil types do exist, but the differences 
are small for arable soils, seldom being over 50 millivolts. Data ob- 
tained indicate that these differences are often due to variations in 
soil material rather than to differences in states of oxidation— swampy 
soils frequently have higher Eh values than do well-aerated upland 
soils. 

3. Increases in moisture in arable soils caused increases in Eh, and 
mce versa. This condition, it is believed, was brought about by oxygen 
being carried into the soil by rainwater which caused reduced com- 
pounds to becoine oxidized, and later the increased moisture caused 
increased bacterial action which resulted in a consumption of the 
oxygen and a lowering of the potential. 

4. The seasonal variations in Eh for any arable soil in Alabama 
seldom exceed 60 millivolts. 

5. It appears that Eh determinations do not reveal whether or not 
an arable soil is in an oxidized or reduced state since the Eh is de- 
pendent not only on the ratio of the oxidized to the reduced phases of 
the ions present but also on the kinds and relative amounts of the 
ions present. 
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THE LATERAL DISTRIBUTION OF POTASSIUM 
IN AN ORCHARD SOIL^ 

J. H. Gourley AND Irvin W. Wander^ 

A PREVIOUS report (i)^ has shown that potassium moves down- 
ward slowly in Wooster silt loam soil. Since fruit trees root deep- 
ly (from s to 6 feet> in this soil, the problem arose as to what method 
could be employed to supply tree roots with ava.ilable potassium in 
case it became necessary or desirable to apply this element. Plainly, 
a surface application in either a sod or tilled orchard on this soil type 
would reach the mass of absorbing roots rather slowly, if at all. 

In order to test experimentally a method of “deep’' application, a 
set of holes was bored beneath certain trees and a potash fertilizer 
was introduced in orchard J, plat 7. The orchard used and the pro- 
cedure were as follows : 

An orchard of apple trees was planted in 1922, consisting of Baldwin and Stay- 
man Winesap varieties. Cultivation with cover crops was followed as a cultural 
system for a few years and then the land was seeded to a nonlegume cover (mostly 
timothy and blue-grass). Incidentally, this was for the purpose of reducing the 
naturally occurring nitrate supply and thus bring about an earlier response to 
nitrogen-carrying fertilizers. One row of 19 trees has been treated with muriate 
or sulfate of potash together with nitrate of soda since 1:928. But, as shown pre- 
viously, the downward translocation of the potassium has been slow. 

In 1935 a soil '‘plugging” test was started and 16 holes were bored to a depth 
of 18 inches beneath 10 of the 19 trees in the row. A geometric design was used 
and mapped so that any hole could be readily located at any time in the future. 
Thus, eight holes were bored with a king soil tube in a 12-foot circle from the base 
of the tree and another eight holes were bored in a 9-foot circle alternating with the 
holes in the 12-foot circle. All the holes were beneath the branches of the trees. 
The following year 16 holes were again made just outside the periphery of the 
branches for the fertilizer treatment, but only those treated in 1935 are considered 
■here.' ■■ ■ 

Sixty grams of a potash salt were mixed with approximately two-thirds of the 
soil removed and this mixture was inserted into the lower 12 inches of each 
hole (6 inches to 18 inches). 

Two or three questions arise as to the ultimate disposition of the 
exchangeable potassium, whether or not it distributes downward 
only, laterally also, or is largely immobile. Furthermore, what is the 
effect of this concentration of salt upon fibrous roots already in close 
proximity to the holes, do new ones develop in the adjacent soil, and 
is there an uptake of K into the tree? The first of these questions is 
here principally considered. 

In order to determine whether there has been any movement of the K in a 
period of three years, samples were taken for quick tests (2) between July 10 and 
August 16 , 193^* A pit was dug 3 feet wide, 4 feet long, and 3 feet deep along the 

^Contribution from the Department of Horticulture, Ohio Agricultural Experi- 
Wooster, Ohio. Received for publication February 25, 1039. 

. Head of Department and Asristant Horticulturist, respectively." 

. r in parenthesis refer to “Literature Cited”, p. 597. 
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side of the cores into which had been placed the potash and soil mixtures (trees 

6, Pig. i). 

Samples were taken i inch wide, i inch thick, and 6 inches long on either side 
of the core at i-inch intervals laterally to a distance of lO inches. In most cases 


I. — To the right of yardstick is shown the core of soil containing the 
potash salt. 
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the depth of the samples was limited to 24 inches because of shale encountered. 
Thustiii ail cases except one (tree 19, Fig. 6), a total of 84 samples were taken per 
core. In this latter case it was necessary to go further out from the side of the core 
in order to determine the periphery of the zone of very high available potassium.*^ 

TREE 6 PLOT 7 ORCHARD J 


DISTAHCE 

FROM CORE I s 7 
IN I NCHES I i I 


5 4 


.2 1 


AREA 

WHICH 

POTASSIUM IS 


1 Z 

, 1 -X, 


4 5 


7 8 I GROUHD 


WITHIN 


AVAIIABLE 
VERT HIGH 


12 


18 


Fig. 2 .-~~Diagram showing the lateral distribution of exchangeable potassium 
from core shown in center of figure, 

RESULTS 

Tbe first tree studied (tree 6) showed that not only had there been 
lateral movement of the K but that the soil water presumably had 
c arried i t upward to the surface and also laterally to a distance of 

quick test used was developed at Purdue Universitv and is known as the 
1 hornton test.'' In general, the test for potassium consists” of thoroughlv mixing 
I teaspoon of air-dried, screened soil with a solution of sodium, cobaltinitrite in 
acetic acid. The amount of potassium is then estimated by adding isoproovl 
alcohol to an aliquot of the filtrate and judging the turbidity formed by the 
precipitate. This rnethod was found to give reproducable results when used on 
these particular soil samples. 


DEPTH IN INCHES 
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3 inches on one side to 4 inches on the other so that it tested “very 
high” in that 6-inch surface zone where no K had been inserted 
(Fig. 2). In the 6- to 12-inch zone the soil tested very high to 3 inches 
on one side and 5 inches on the other, from 12 to 18 inches the dis- 
tribution had widened in a radius of 6 inches. It had also penetrated 
to a depth of at least 24 inches and 6 inches on either side of the core 
or axis. In other words, these boundaries represent the limits to which 
the bulk of available K has penetrated since the transition from “very 
high” to “low” or “very low” does not extend more than 2 or 3 inches 
beyond. Thus, the general contour of the movement was roughly in 
the shape of a flask or bottle. 

Cores selected at random under trees 10, ii, 14, and 19 were like- 
wise studied. The picture varies somewhat from tree to tree, prob- 
ably due to variations in soil texture and slope of strata, but in the 
main confirms the findings of the first one, namely, that there is a 
decided lateral movement of this element in the soil. 


TREE 10 PLOT 7 ORCHARD J 



Fig. 3.— Diagram of tree 10 showing distribution of potassium. 


DOTH IN INCHES 
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Tree lo shows a pattern quite similar to ^ that found under tree 6. 
In both cases sulfate of potash was used (Fig. 3)- 
Tree 1 1, where the muriate form of the salt was used, shows a re- 
versal in pattern in that the widest distribution is at the upper 6 
inches where the core was filled with soil only. At the base the radius 
from the core is 5 and 6 inches, respectively (Fig. 4). That this differ- 
ence is due to the form of salt used is not suggested but is worthy of 
note. 

TREE 11 PLOT 7 ORCHARD J 


DISTANCE 
FROM CORE 
m INCHES 


GROUND 

LEVEL 


mTHIN 


WHICH 


AVAILABLE 


POTASSIUM IS 


VERY HIGH 


Fig. 4.—Diagram of tree n showing distribution of potassiuni. Note the 
difference in shape of the outline compared to the preceding figures. 

The samples taken beneath tree 14 show a more irregular outline 
with a wider distribution on one side than the other below a level of 
12 inches (Fig. 5). 

The core selected beneath tree 19 showed a still greater variation 
from the others. The movement for the entire depth is nearly uni- 
involves a wide area, being 16 inches in the upper level 
(Fig. 6). ^ 
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While no quantitative determinations were made, it was observed 
throughout these excavations that live, fibrous roots were present 
within the zone of ‘‘very high” potassium. This would mean that a 
tree deficient in K should obtain ample supplies from the soil, if some 
such technic as that here described were used. 

Volk (3) and Volk (4) found that the alternate wetting and drying 
of a mixture of a soluble potassium salt and certain soils at 70® C 

mm 14 PLOT V OHCBARD J 



caused a large amount of the potassium to be fixed in a difficultly 
available form. Thus, potash applied on the surface or just slightly 
beneath the surface of a soil will fail to move downward to any ap- 
preciable extent since this zone would be subject to alternate wetting 
and drying. But, they also found that when soluble potassium is in 
contact with soil under continuous moist conditions, such as would 
be found at the lower soil depths, fixation is very slow. 
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TREE 19 PLOT 7 ORCHARD 3 
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OROUND 

LE7EL 


AREA WITHIN WHICH 


AVAIUBLE POTASSIUM 


IS VERY HI® 


FiG, 6 . — Diagram of tree 19 showing distribution of potassium. Note the 
predominate distribution to the left side, 

Truog and Jones (5) explain the fixation of potassium in their con- 
clusions by stating that, ‘Vhen the exchange material is saturated 
with potassium and the material is then dried, which is supposed to 
bring the layers or plates of the crystal lattice together, the presence 
of the potassium offers such strong attraction as to prevent reexpan- 
sion of the crystal lattice and thus reentrance of water and opening 
up of the crystal lattice, causing the potassium to become trapped in 
non-exchangeable form.” 

Furthermore, they state that the, “introduction of organic matter, 
which supplies organic base exchange material, should also be helpful, 
since entrance of potassium in the organic exchange material renders 


dp™ w inches 
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the potassium safe from fixation in non-exchangeable form for the 
time being.” 

These suggestions and conclusions fit closely the observations 
which have been reported in this paper as well as previously (i), 
showing the large amount of exchangeable potassium found under 
mulched apple trees with straw and similar organic materials. 

DISCUSSION AND SUMMARY 

This investigation of potassium movement in the soil is of interest 
to horticulturists from several standpoints, particularly to those 
who have to deal with a deficiency of this element in orchards. 

The first objective was that of determining whether there would be 
a lateral movement of sufficient extent to make potassium available 
to a mass of tree roots without injury to the new ones which develop 
in such a zone. 

It is interesting to note that these areas represent from 1.4 to 2.2 
cubic feet of soil per core in which the available K has become very 
high within a period of 3 years. Assuming all areas affected by the 
cores to be similar under the same tree, approximately 22.4 to 35.2 
cubic feet of soil per tree would be affected by the 16 cores per tree. 
This means that, under an experimental test, from 1.6 to 2.5 per cent 
of the total soil 1 3 feet away from the tree trunk and 2 feet deep has 
been increased from a low or very low available K content to a very 
high available content. 

That roots would develop in this area and not be injured is worthy 
of note, although quantitative determinations of the root population 
was not attempted. 

From a practical standpoint, it would mean that potash fertilizers 
could be dropped behind a deep tillage tool, such as a Killifer disk or 
coulter, to a depth of 16 to 18 inches. This would be within the active 
absorbing zone of the tree roots in most eastern orchard soils and also 
below the zone in which potassium is fixed by alternate wetting and 
drying. Its lateral movement should then be ample for supplying the 
needs of the tree. 
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■ geographical LOCATION AND SOIL ORGANIC 
. MATTERS 

Jackson B. Hester and F. A. Shelto# 

T he soil is a complicated natural body, the chemical elements 
and compounds of which are influenced by climatic conditions 
(7, 8, 9).^ The organic components of the soil are influenced by asso- 
ciated vegetation but are affected mostly by the two chief components 
of climate, namely, rainfall and temperature. The reaction (pH) of 
the soil and associated conditions influence the type and quantity of 
vegetation (5) upon the soil; therefore, the organic matter content 
is obviously nidirectly influenced by the parent geological material 
from which the soil is built. 

The fertility of an economic soil is largely determined by the 
organic matter content, due to the fact that the organic matter con- 
tains the soil nitrogen, etc., and also exhibits various other properties. 
Then, the destruction of the organic matter to liberate nitrogen, etc., 
is essential in order to realize its great value in producing crops. 
Again, the chief components of climate, temperature and rainfall, are 
important factors. 

It was pointed out in a previous publication (4) that comparable 
data for organic matter should include only soils of a given texture 
and drainage. In studying the fertility factors of soil on which 
tomatoes or tomato plants are grown the authors have had a ■chance 
to analyze a large group of Ap soil samples^ from various parts of the 
United States and Canada for the organic matter content, pH value, 
and various nutrient elements. These data have been assimilated 
according to certain textural relation and are given in this discussion. 
Fig, I shows the geographical distribution and number of samples, 
the mean annual temperature and rainfall, and the texture of the soil 
of the given sections, 

VARIATION OF ORGANIC MATTER CONTENT IN SOIL IN A 
LONGITUDINAL DIRECTION 

The predominating soil types on which tomatoes are grown in the 
three sections, namely, Colborne, Canada (2,11); Burlington County, 
New Jersey (i, 7); and Tifton, Georgia (9), are the well-drained 
sandy loams. The mean annual temperature of these three sections 
varies from approximately 44° F at Colborne, Canada, to 52° F at 
Moorestown, New Jersey to 69° F at Tifton, Georgia, or an approxi- 
mate variation of 25 degrees. The mean annual rainfall decreases 
from approximately 48 inches at Tifton to 45 inches in New Jersey 
to 33 inches in the Colborne section. The organic matter content of 
the well-drained sandy loams, as shown in Table i, is between 2.0 

^Contribution from the Department of Agricultural Research, Campbell Soup 
Company, Riverton, New Jersey. Received for publication March 10, 1939. 

^Soil Technologist and Assistant, respectively. 

^Figures in parenthesis refer to '‘Literature Cited”, p. 603. 

^Samples were collected by the field representatives in each section. Only the 
Ap horizon from tomato-producing soils is considered. The color and texture 
were classified in the laboratory by the authors on dry samples. 
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and 3.9% for 71% of the soils around Colbome, whereas, 59 and 
6 g% of the soils in Burlington County and around Tifton, respective- 
ly, were in the range of i.o to 1.9%. In other words, for an increase of 
2 5 degrees in temperature and 15 inches of rainfall the organic matter 
content in the soil dropped 1.2%. Thus, the mean organic matter 
content of the Canadian soils was 2.86% and of the Georgia soils 



Fig. I. — The distribution of soil samples and the mean annual rainfall and 
temperature of the respective areas. 


1.67%. However, the fact should not be overlooked that the soils 
in New Jersey and Georgia were derived from noivcalcareous mate- 
rials while the ones in Colbome were from calcareous materials. The 
differences in pH values are shown in Table 2 and the differences in 
repilaceable calcium in Table 3. 

Undoubtedly, the high annual temperature and rainfall would 
cause the organic matter of the soils in the warmer climate to de- 
compose faster and give up more nitrogen. This factor is perhaps 
largely responsible for establishing these organic matter content re- 
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Table I, ^The influence of geographical location upon the organic . maUet 
content sandy loam soils. 


Percentage distribution 


Organic matter, %* 

Colborne, 
Canada t 

Burlington 
Co., N; J4 

Tifton. 

Ga.,§ 

— O.Q 

0 

I 

3 

I.o-1 .9 

10 

59 

69 

2.0—2. 9 

47 

24 

12 

34 

22 


6 

6 


0 

0 

* * * 

5-C" 

7 

0 

0 


’^'Organic matter determined by titration method (4).^ j « x 

fPredominating color of Ap horizon brown (Podsolic group). Soil type Dundoiiald. Farent 


material calcareous, ^ j 1* \ 

^Predominating color of Ap horizon light brown to grayish brown (Gray-Brown podsolic group) . 
Soil types Sassafras and Collington. Parent material non-calcareous. ^ 

§ Predominating color of Ap horizon grayish yellow (Yellow soils group). Soil types Tifton and 
Norfolk. Parent material non-calcareous. 

T.A.BLFi: 2. — The pH values of sandy loam soils in different locaiions. 


Percentage distribution 


pH of soil* 

Colbome, 

Canada 

Burlington 
Co., N. J. 

Tifton, 

Ga. 

“4-9 

0 

4 

I 

5 «o ~54 

0 

35 

34 

5*5“5.9 

3 

48 

51 

6.0-6.4 

19 

1 1 

14 

6.5“6.9 

31 

2 

0 

7.0-74 

II 

0 

0 

7-5-7-9 

36 

0 

0 


*Glass electrode (1:2 soil- water relation). 


Table 3. — Replaceable calcium content of sandy loam soils in different locations. 



Percentage distribution 

Replaceable CaO* 

Colborne, 

Canada 

Burlington 
Co., xN. J. 

! 

Tifton, ' ; 
Ga. 

- 499. . . 

0 

I 


500 "1499 


^ 55 

32 

, 0 / 

1500-. 

0 

97 

42 

I' 


*Parts per two million (sodium acetate extract). 


lations. Jenny (6) states that for every iS'" F fall in temperature the 
nitrogen increased two or three times in the soil. From these figures 
the conclusion could be drawn that there is about twice as much 
nitrogen in Canadian soils as in Georgia soils. 

SILTY LOAM SOILS 

The variations in the organic matter content for the silty loam soils 
in Chatham, Canada ( 2 , ii), Indiana, and Ohio are shown in Table 
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4. These data show that for a comparatively small change in tem-, 
perature and rainfall a considerable difference in organic matter con- 
tent is shown. Undoubtedly the type of agriculture and soil has in- 
fluenced the organic matter content of these soils. But, perhaps again, 
climate has been a more predominating factor. The distribution of 
these soils in respect to pH is shown in Table s- 


T.\ble 4 . — The influence of geographical location upon the organic matter content 

of silty loam soils. 


Organic matter, % 

Percentage distribution 

Chatham, Canada* 

Ohio and Indianaf 

-2.9 

0 

6 

3 .o~ 3.9 

0 

II 

4 .o-^ 4.9 

6 

26 

S.o—s.Q 

23 

30 

18 

28 

6.o-"6.9 

20 

7. 0-7.9 

8 

8.0- 

22 

0 


^Predominating color of Ap horizon grayish brown (Podzolic group). Parent material calcareous. 
Soil types Brookston and Thames. 

tPredominating color of Ap horizon grayish brown (Podzolic group). Parent material calcareous. 
Soil types Brookston and Toledo. 


Table 5. — The pH values of silty loam soils in two localities. 


i 

pH of soil 

Percentage distribution 

Chatham, Canada 

Ohio and Indiana 

5 ‘ 0 ™ 5 . 4 - 

0 

3 

5 - 5 -- 5.9 

2 

9 

6.0-6. 4 

14 ■ ' 1 

25 

6 . 5 - 6-9 

, 24 , 1 

43 

7 . 0 “ 74 -- 

22 j 

12 ' 

7 . 5 - 7 . 9 . ... 

i ' 34 

8 

ao- 

! 4 . 

0 


VARIATION OF ORGANIC MATTER CONTENT OF SILTY LOAM 
SOILS IN A LATERAL DIRECTION 

Across the country the chief variation in climate is in the rainfall 
and humidity. In studying the organic matter content of the silt 
loam soils in this direction, soil samples from the following localities 
.have been analyzed: Burlington County, New Jersey (i); Bucks 
County, Pennsylvania (9); Lancaster County, Pennsylvania (3); 
Toledo, Ohio (10, 12); and northern Indiana (13).^ Fig. i gives the 
mean annual temperature and rainfall of each section. 

The results presented in Table 6 show that 99% of the well-drained 
silty loam soils in Burlington County are below 2.9% organic matter, 
whereas in Bucks County 86% are in the 2.0 to 3.9% group with a 
definite tendency toward the 2.0 to 2,9% group. In Lancaster County 
87% of the soils are in the 2.0 to 3.9% group, but in Ohio 63% of the 
soils are in the 5.0 to 6.9% group ; whereas, in a slightly warmer sec- 
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tion of Indiana, 51% of the soils are in the 4.0 to 5.9% group. In 
Table 7 the pH value distribution of the soil samples is shown. 

Table 6. — The inflmnce of geographical location upon the organic matter content 
of silt loam soils. 


Percentage distribution* 


Organic matter, 

% 

Burling- 
ton Co., 
N. J. 

Bucks 
Co., Pa. 

Lan- 
caster Co., 
Pa. 

Ohio 

Indiana 

1 . 0-1. 9 

48 

14 , 1 

.8 j 

0 

3 

2.0-2.9. 

51 

63 

55 

0 

13 

3.0-3.9 

1 . I 

23 

32 

6 

19 

4.0-4-9 

0 

1 0 

1 5 

22 

30 . . 

5.0-5-9 

0 

0 

; 0 

34 

21 

6.0-6.9 

0 

0 

0 

29 

8 

7.0-7.9 

0 

0 

0 

10 

6 


^Predominating soil type in Burlington Co., N. J., Sassafras (including loams) mucks Co., Pa., 
Penn (including loams) ; Lancaster Co., Pa., Hagerstown and Conestoga; Ohio, Toledo; Indiana, 
Brookston. 


Table 7. — The pH vahies of silty loam soils in various localities. 


Percentage distribution 


pH of soil 

Burling- 
ton Co., 

N. J. 

Bucks 
Co., Pa. 

Lan- 
caster Co., 
Pa. 

Ohio 

Indiana 

■~4-9 

. ■■ 8 

7 1 

0 

0 

0 

5.0-54 

38 

26 

3 ! 

2 ! 

4 . 

5.5-'5.9 

36 i 

30 

31 

6 ■■ ■ 1 

■ 14 

6.o~6.4 

15 

■ , 22 

■53 

23 

■ 29 

6.5-6.9 

3 

10 

12 ' 

■ 47 

1 ■ 37 

7.0-74 

0 

5 

0 . 

14 

9 

7.5"'... . 

0 

0 

0 

8 

7 


The difference in rainfall and humidity has influenced the amount 
of organic matter found in the soil in Burlington County, but perhaps 
the type of agriculture accounts for some decrease. Perhaps, longi- 
tudinally the temperature has been the predominating factor, whereas 
latitudinally rainfall has been the outstanding influence. It should be 
further pointed out that as one goes west to Ohio from New Jersey 
the silty loam soils become heavier. That is, soils in Burlington 
County just come into the silty loam class, whereas the ones in Ohio 
are tending to become clays. There was much more clay in the soils 
from Ohio and Indiana than in the ones from New Jersey and Penn- 
sylvania. 

DISCUSSION 

The economic importance of organic matter in the soil has been 
tally appreciated and emphasized. Its destruction and incorporation 
in the soil has perhaps been overlooked. Owing to the difference in 
temperature more organic matter is probably necessary in a colder 
. than in a warmer climate to furnish an equal amount of nitrogen for 
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crop growth. While the data in this paper are greatly lacking in what 
influence man has had in changing the organic matter content of the 
soil, they show the variations in the different sections and their 
probable relation to climate. 

SUMMARY 

Data are given to show the organic matter content and pH value 
of certain soils in various sections of the United States and southern 
Canada. Attention has been called to the variation in climatic con- 
ditions in the sections considered. 
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EFFECT OF DIFFERENT TEMPERATURES ON THE 
GERMINATION OF SEVERAL WINTER ANNUAL , 

SPECIES OF TRIFOLIUM^ 

E. H. Toole and E. A. Hollo well^ 

T hroughout the southern, south central, and Pacific states 
many winter annual Trifolium species, such as T. dubium, least 
hop clover, T. procumbens, low hop clover, T. resupinatmn, Persian 
clover, T. subterraneum, subterranean clover, and T. gjomerattim, 
cluster clover, are perpetuated from year to year by self-seeding in 
early summer and volunteering during the fall months. This occurs, 
however, to a degree making these clovers of agricultural importance 
only after a seed equilibrium has been established in which germin- 
able seed are present in sufficient numbers to produce good stands. 
The seed coats of nearly all these species are “hard”, making them 
impermeable to moisture; therefore, they must be scarified either 
through the action of weathering or by abrasion. Others are relatively 
“soft seeded” and will germinate without scarification. Under natural 
conditions it is believed that most of the “hard” seed is softened by 
the weathering process and is germinable during the spring and 
Summer months. However, plants of these species are conspicuously 
absent from the flora during the summer months. Most seed of 
crimson clover, T. incarnatumy another winter annual, will germinate 
when planted or from volunteer seeding at any time during the sum- 
mer. In the southern states insufficient moisture is not often a limit- 
ing ^factor in germination during this period. 

This study, a phase of a life history project of the Division of 
Forage Crops and Diseases, was designed to deteimine the effect of 
different temperatures on germination under laboratory conditions 
where the control of temperatures is possible. High summer soil 
temperatures may be responsible for live permeable seed remaining 
dormant until fall or until the occurrence of cool weather. 

METHODS 

During June 1935, seed of low hop clover, Persian clover, cluster clover, and 
buffalo clover, T. rejiexum, was gently hand stripped from standing plants without 
being scarified in any way. Seed of subterranean clover was harvested by raking 
the buried pods from the soil and while this method of harvesting might scarify 
some of the seed, facilities did not permit other treatment. The seed was hulled 
by gently rubbing it in the palm of the hand. Each seed lot was divided into two 
parts, one part was scarified by rubbing the seed between sand paper while the 
other part was not scarified. 

The seeds were stored in small paper envelopes in the laboratory and monthly 
germination tests were made beginning July 1935 and continuing through Pebrii.* 
1936, for the scarified seed of Persian clover, cluster clover, and buffalo 
clover, an d through December 1935 for the unscarified seed of the above three 

Contributira from the Divisions of Seed Investigations and Forave Cron-^; 

kSvSk 

^Physiologist and Senior Agronomist, respectively. 
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species and for both lots of low hop clover. Only enough seed was available for 
three tests of each lot of subterranean clover. Additional tests were made in 
September 1937 and July 1938 of all lots except subterranean clover. 

Duplicate tests, using 100 seeds each, were made between moistened blotting 
paper at 35®, 30°, 25°, 20®, 15®, and 10® C in germination chambers maintained 
within I® C of the stated temperature. The tests at 5° C were kept in a ref rigerator 
where the temperature varied from 3® to 6® C. The tests were continued for 
28 days, except for the first two months, when the tests at some of the higher 
temperatures were transferred to lower temperatures after 21 days. 

The viability of the scarified seed had declined before the 1937 and 1938 tests 
were made and, therefore, these results are not included in the averages of the 
germination at the different temperatures but are given to indicate the rate of 
loss of viability under laboratory storage. 

RESULTS 

The results of the germination tests for all five species are presented 
in Tables i and 2, but the results for each species will be discussed 
separately. 

PERSIAN CLOVER 

Scarified seed . — Scarification of this sample was nearly complete 
so that practically no hard seed remained. Germination was essenti- 
ally the same at the four temperatures 25°, 20°, 15°, and 10°, except 
for the first test at 25°. Germination at 30° and at 35® was variable, 
but in all cases appreciably lower than at 20"^. The unfavorable effect 
of the higher temperatures, 35° and 30® and to some extent 25°, is 
shown by the comparatively low germination during the first 6 days 
in comparison with the almost complete germination during this 
period at 20®, 15®, and 10®. Germination at 5® was somewhat erratic 
which fact will be explained in the general discussion. After two and 
especially after three years, loss of viability of the seed was con- 
siderable. 

Unscarified seed.—Ho appreciable loss of viability of the unscarified 
seed was observed after 3 years. During the early months of the ex- 
periment a few seed absorbed water, but differences in germination 
at different temperatures were not evident. Beginning with the No- 
vember 1935 test, however, a gradual softening of the hard seeds 
occurred and this, as shown graphically in Fig. i, was progressively 
greater at the lower temperatures. 

CLUSTER GLOVER 

Scarified seed . — Germination of this species for the first 8 months 
was essentially the same at the three temperatures 20°, 15’^, and 10°. 
During the early months, germination at 25® averaged decidedly 
lower than at 20°, but in October it was as high at 25° as at the 
lower temperatures. Germination was markedly lower at 30"^ and 35°. 
The progressive change of gerrnination of the seed in this sample at 
20®, 25"^, and 30^^, as shown in Fig. 2, is hard to explain, unless it was 
influenced by changes in the humidity of the laboratory where the 
seed was stored. As with the preceding species, the differences at the 


Table i. Average percentage germination and percentage hard seed in 28 days of successive tests of scarified samples of five species 

of Trifolium. 
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^Germination and hard seed at 21 days instead of 28 days. 

^ 14 % watery abnormal seedlings. 



TOOLE AND HOLLOWELL: GERMINATION OF TRIFOLIUM 609 



OJ 

> 

0 

Q 

o 


J 3 

m 


o o 

10 A A Avd 

Oi Ot Oi C?i o o^ 


ro w q q q 
M ci N oi cJ w 


100 r^oo i^spoo i>. 
0> 0\ Ot Ov 0\ ^ Ov I 0\ 


HOMWWWO M 


<3 OsO'O 1 

0*1 Oi Ch Ov 0\ 0> I Oi 


OMMNWOO w 


1 -^O •O'O U3VO O 
1 Oi 0 \ cm:> 0 \ Ov Oi 


H IT} fo <N fO O (N 


I U 3 10 1000 l> I irt 

I ch a 0\ cx o> ov 


N tjo ro fO (N W fC 


I lOO 't t«. 10 »/i 
1 Oi Oh Os Ch Oi Oi j Os 


« CO 10 ri* « N CO 


j 10 '^■O IC t>. 10 
i O O O Os O' O Os 


■"t CO '0* CO csi fO 


W5 1> t'- 't 10 so 
Os Os Os Os 0\ Os I Os 


O N <N W COM <M 


t t'* cs vo in CO i> m 
I Os Os Os Os Os Os I Os 



»n o io o in o in 

m CO <N o M w 


focoqt^qq* 
p r^ cJs 6 fi Os 
■st CO CO ■'It "t cn 

sp sp q so w Os 
ci rndvd H 4 
00 0000 00 00 00 

83 I I 

l> p CO p CO 

6 w Osocj -t i> 
10 m m m 

P ■st'too ■'tco 

I 6 6 CO H d *0 

1 1 1 1 1 1 

1 ■ C"itWOsO'tC^' 

1 000000000000 

1 M 1 1 1 

j 0 0 0 sO so <N 00 


1 1 ! 1 1 ! 

1 m w CO w Os sf't 


1 i 11 1 1 

I 00 00 00 00 t-^sO 


1 1 1 1 1 1 

1 0 0 0 CO 0 0-0 

w 

1 1 i II I 

I H W CO 


1 1 1 1 1 1 

1 10 -t-O M c- W 

w 

1 1 1 1 II 

1 1 00 00 00 CO i>00 

CO 

111 I 1 i 

j j 0 w w CO H CO 

OS 

<-< 1 1 1 I 1 1 

1 1 cooo N CO "t W 

I> 

0 1 1 1 1 M 

I 1 00 00 . a a t' a 

CO 

0 



5 

1 


i 1 1 11 1 1 

1 ^ j 0 H 1>'0 ■'t CO 


S i 1 1 t 1 1 

1 a 1 w 


2 

W 





1 1 ! 1 1 1 1 

1 ^ 1 (Scow CsW<» 


GO 



1 i 1 1 II 

1 1 ® ® 2 

t- 

OsC- ■t’ w w H 

Os j m Os ro 0 ■'t CO 

i> 

ro rn CO -t- ■t ■t' 

CO I CO 00 Os OsOOOO 

00 

0 w CO t> to 

Os 1 0 0 m Os t 0 

0 

■0 mioxn 

cn 1 MM 


OsOssO tCc-Os 

1 M r CO j> St 0 osoo 

Os 

CO CO "t CO CO 

■Tt 1 00 00 Os OsoO oO 

'CO 

M N ro »n 0 Os 

00 1 0 0 m Os 0 H 

sO 

>n»nso »n 

CO 1 mm 

I 

(0-0 t" t'OO Os 

0 ' , ''' si M .st Os Os H m 

00 

-tcncom'tco 

Ttr- „ 1 ,00 00 CO CO a Os 

„ CO 

, H 0 ■N'N'O O' 1 

00 ' V. ■:{' 0 Os J> -St i 

' m 

\Q sQ -f in j 



■' ■ V'.\ l 
•■■V'v. 1 

0 mo mo in 

in 0 m 0 m 0 m 


cow W W M 

. rn ro w W M M 








^Readings at 35° not included in averages. 


6lO JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

various teinpcratures were even more marked when the results at the 
end of 6 days are compared. Table 3 shows that gemiiiiation at 5 
was low, accounted for, in part, by the increased number of hard seed 
at this temperature. The average percentage of hard^ seeds for the 
first 8 months for different temperatures of germination showed in 
general a larger number of hard seeds remaining as the temperature 

Penttnf 

Hard , . 

Se«4 


IQO 



Fig. i . — Effect of age on percentage of hard seed in a nonscarified sample of 
Persian clover seed when germinated at different temperatures. 


was lowered. A considerable difference in the number of hard seed 
occurred during the different months of test. This variation was in 
general inversely proportional to the progressive changes in germi- 
nation at 20° illustrated in Fig. 2. 

Unscarified seed . — Over the entire period of the test the unscarified 
seed of this species did not show striking or consistent variations in 
germination or hard seed content. 

BUFFALO CLOVER 

Scarified seed . — ^At 25*^ genriination increased progressively for the 
first four months in contrast to the essentially uniform germination 
at 20°, 15°, and 10°. This progressive improvement in germination at 
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25° is especially marked when the results at 6 days are compared, as 
shown in Table 3 . Germination was much lower at 30® and at 35*^. 
As shown in Fig. 3, wide unexplained progressive fluctuations of 
germination occurred at 30°. At 5° germination was often accompan- 
ied by the development of watery seedlings. It w^as apparent that 5° 
was too low a temperature for the development of normal seedlings 
of this species. 

Table 3. — Average percentage germination in 6 days of successive tests of 
scarified samples of three species of Trifolium. 

^ . . Percentage germination 

Germination 


temperature, -r ^ ^ r t . 

°0 July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 

1935 1935 1935 1935 193s 1935 1936 1936 

Persian Clover 

35 — 5 4 3 7 3 i 2 

30 13 10 48 22 18 9 26 24 

25 32 84 95 85 91 52 70 96 

20 94 99 98 96 97 96 97 97 

15 91 94 97 97 97 98 97 98 

10 95 97 94 96 97 92 88 93 

5 80 72 0 o o o o o 

Cluster Clover 

35 — 2 I 4 2 I I I 

30 o o 2 8 2 o I 2 

25 o 4 16 47 40 I 7 8 

20 58 67 75 79 72 69 61 67 

15 53 65 75 70 68 65 69 67 

10 62 72 68 69 62 58 53 50 

5. 31 22 0 0 o o o 0 

Buffalo Clover 

35 — o I o o — o o 

30 o I 21 2 10 13 29 4 

25 5 30 66 87 80 81 79 82 

20 82 87 85 85 85 82 85 79 

15 78 81 88 89 85 81 87 84 

10 74 81 84 85 86 82 63 57 

5 . . o o o o o o o o 


With this species the mean hard seed content at the different tem- 
peratures of germination shows differences, some of which are signifi- 
cant, As with cluster clover, there is an increased number of hard, 
seed at the lower temperatures, although the difference between the 
upper and lower temperatures is not great. 

After two and three years storage a decided fall in germination and 
a slight increase of hard seeds were observed. 

Unscarified seed . — As with cluster clover the unscarified seed did 
not vary appreciably in germination or hard seed, either at the 
different temperatures or for the different months of the test. 

SUBTERRANEAN CLOVER 

Scarified seed . — This species showed a sharp response to terhpera- 
ture of germination. Germination was high at 20° and at all the lower 
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temperatures but was almost negligible at 25° and 30°. At these tem- 
peratures the seeds were swollen but remained dormant. Coinparativc 
tests at 20° and 25° with a number of other samples of this species 


u3t(on 


1 4 #^^ 




JCpt. Oct, 

ms 








Nov. Vet.. XAn. 


Fig. 2.-— Comparison of germination percentages for 6 and 28 day periods of 
successive monthly tests of scarified cluster clover seed when germinated at 
temperatures of 20°, 25°, and 30° C. 

have shown the same temperature response. At the favorable tem- 
peratures germination was practically completed in 6 days. 

Unscarified seed— At favorable temperatures the germination of 
this sample was above $0%, Since this sample was not hand harvested 
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it is not known whether the germinating seed represented naturally 
“soft” or scarified seed. The same sharp response to temperature 
differentials is shown as with the scarified seed. 





Fig. 3. — Comparison of germination percentages for 6- and 28-day periods of 
successive monthly tests of scarified buffalo clover seed when germinated at 
temperatures of 20®, 25°, and 30® C. 


LOW HOP CLOVER 

Scarified seed . — Scarification of the very small seed of this species 
was not at all complete. This species also shows a striking germina- 
tion response to temperature. At 25° and 30® germination was very 
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low, but was essentially the same at 20°, 15®, and 10®. As with buffalo 
clover, 5° was too low for development of normal seedlings. ^ 

As with cluster clover and buffalo clover, the hard seed increased 
in number with lowered germination temperatures. The loss of viabil- 
ity after 2 and 3 years is not as marked as for some of the other species. 

Unscarified seed. — Although the percentage of seeds that absorbed 
water was comparatively low, the same sharp difference in germina- 
tion was evident in seed tested at 25® and 20®. A tendency for an in- 
creased softening of the hard seeds at the lower temperatures is shown 
especially at 10®, but the results are not consistent enough to consider 
this tendency significant. 

CRIMSON CLOVER 

Unscarified seed. — In 1938 a small sample of crimson clover seed 
was hand harvested and germinated without scarification at the same 
temperature differentials as used for the other species. Approxi- 
mately 50% of the seed took up water and germinated and no signifi- 
cant difference in germination at different tempeatures was apparent. 
At a temperature of 35® C fewer seed remained hard and at 30® 
germination was somewhat slower than at 25® and below. 

DISCUSSION 

LABORATORY GERMINATION 

Of the five species under study, subterranean clover and low hop 
clover showed the sharpest differences in germination at different 
temperatures. Both species germinated well at 20® or lower, but at 
25® or higher germination was very low. 

Buffalo clover germinated as well at 25® as at 20® and even at 30® 
germination averaged 30% for the 8 monthly tests. The response of 
cluster clover was somewhat similar to that of buffalo clover except, 
for the excessive variation at 25® for the different months. Persian 
clover was least affected by temperature of germination, although 
considerable variation was evident in the monthly results. This species 
averaged more than 70% germination at both 30® and 35® for the first 
8 months tested, but germination was much slower than at the lower 
temperatures. 

^ No significant variation in germination was apparent in the succes- 
sive monthly tests at 20®, 15®, and 10® of the scarified seed of Persian 
clover, buffalo clover, subterranean clover, and low hop clover. 
Germination at 25® tended to increase during the first three months 
of test for Persian clover, cluster clover, and buffalo clover, which 
may indicate dormancy at high germination temperatures immedi- 
ately after harvest. This condition lasted for a period of from one to 
three months. 

^ The germination of cluster clover seed tested at 20® and 25® con- 
sistently increased until October and then gradually decreased. The 
change at 30® was similar but germination at all times was much 
lower. As previously stated these changes are in part reflected in the 
monthly averages of hard seed for this species. The other species did 
not show this subsequent reduction in germination. 
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The four species tested in September 1937 and in July 1938 showed 
a more or less marked reduction in viability of the scarified samples, 
but no definite change in response to temperature. 

Because of the slow germination at the higher temperatures and at 
5° the tests were continued for 28 days. At 20° very little increase of 
germination occurred after 6 days, but at the higher temperatures a 
great deal of the germination occurred after this time. Table 3, show- 
ing the comparative germination at 6 days, emphasizes the difference 
in rate of germination at the various temperatures. This table also 
emphasizes the progressive improvement in germination of Persian 
clover and buffalo clover for the first months at 25®. Since subter- 
ranean clover and low hop clover germinated very poorly at the 
higher temperatures, these species are not included in Table 3 . 

The refrigerator, used for the temperature designated as 5®, varied 
in temperature more than the other chambers. This temperature 
variation accounts in part for the erratic results at 5®. Also, the seed- 
lings of cluster clover, buffalo clover, and low hop clover produced 
at this low temperature were stunted and watery. Considerable varia- 
tion existed in interpreting the condition of these sprouts in the 
different tests. Persian clover and subterranean clover produced 
fairly normal seedlings at this low temperature. 

It has been suggested by Davis^ that some kinds of seeds held moist 
at a temperature too high for germination are thrown into secondary 
dormancy after which a lower than normal temperature is required 
for germination. In conducting the first two series of tests, the seeds 
which did not germinate in 21 days at 30® and 35° were transferred to 
20® and to 10®. In general the germination of the sound seed was 
prompt and complete at both temperatures. However, with low hop 
clover germination was much quicker when the seeds from a high 
temperature were transferred to 10® than when transferred to 20®, 
indicating a possible secondary dormancy after holding the moist 
seed at a high temperature. 

As previously stated, there was in the scarified samples of cluster 
clover, buffalo clover, and low hop clover a significant difference 
between the average hard seed content of seed germinated at low and 
high temperatures. The tendency was for a greater number of hard, 
seed to germinate at the lower than at the higher temperatures which 
is in striking contrast to the tendency in the unscarified sample of 
Persian clover where, during the later months, less hard seed occurred 
at the low temperatures. Since practically no hard seeds were present 
in the scarified sample of the latter species, a direct comparison of the 
behavior of the hard seeds of scarified and non-scarified samples is 
impossible. 

RELATIONSHIPS OF SOIL TEMPERATURES TO FIELD GERMINATION 

In attempting to correlate the results of these studies with field 

'^Davis, W. E. Primary dormancy, after ripening and the development of 
secondary dormancy in embryos of Ambrosia trifids. Amer. Jour. Bot., i7:58"76. 
1930. 

The development of dormancy in seeds of cocklebur (Xanthium). 

Amer. Jonr. Bot., i7:77--87. 1930. 
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behavior, other ecological factors such as moisture, soil type, and the 
amount of solar energy are either directly or indirectly related to soil 
temperatures. Furthermore, under natural conditions, diurnal varia- 
tion in surface soil temperatures is often very great. The extent of its 
effect on germinating seed is not known. With the exception of sub- 
terranean clover the seeds of the species studied are very small and 
the seeds must be on or near the soil surface for germination. The 
surface soil temperatures are therefore most important for the small- 
seeded species and temperatures one-half inch under the surface for 
the larger seeded species. So far as known continuous soil tempera- 
ture records for the surface or slightly thereunder have not been taken 
in the southern states. In connection with other investigations con- 
tinuous soil temperature records were taken at Columbia, Mo., during 
the spring, summer, and fall months of 1937 at a depth of one-half 
inch under the soil surface and are presented in Table 4.^ The mean 
air temperatures of 1937 at Columbia, Mo., for the months of March 
and April were slightly below the normal mean, while they were above 
normal for the months of May, June, July, August, and September. 

Surface soil temperatures are subject to greater variation than those 
below the surface and for that reason the average daily maximum 
temperatures at the surface would doubtless be higher and would 
occur somewhat earlier in the spring than the temperatures as shown 
in the records presented in Table 4 at one-half inch below the surface. 
If maximum soil temperatures are used as a basis of analyses, the 
period May i to 15 would be unfavorable for the germination of low 
hop clover and subterranean- clover but favorable for the other species. 
This is shown by the results of experiments in which germination of 
the former species was sharply inhibited at a 25° temperature level. 
A similar analysis of the temperature records for the fall months indi- 
cates that the period of October 16 to 3 1 would be the most favorable 
for germination. Of the species investigated low hop clover has been 
the only one successfully established at Columbia, Mo. 

In previous date of planting experiments^ at Statesville, N. C., 
stands have resulted from a single March planting; however the 
plants made only a meager growth, blossomed, and set seed sparingly. 
As shown by the results of this study response to different soil tem- 
peratures may be one of the contributing factors in species adapta- 
tion. Late spring germination of those species less sensitive to the in- 
hibiting effects of high temperatures would occur at a time when other 
unfavorable factors for growth, such as length of day and competition 
from other plants, would be of increasing intensity. However, in the 
fall a decreasing gradient from high to low temperatures occurs and 
this provides favorable conditions. In the south soil temperatures are 
favorable for germination over a long period of time in the late fall 
and winter months and the fact that most winter annuals thrive in 
s^ch an environment may indicate that a long period of exposure 

^The authors are indebted to Dr. E, M. Brown for permission to use the records 
as presented in Table 4. 

^ n'he establishment of low hop clover, Trifolium procumbens, as affected by 
, time of seeding and growth of associated grass. Jour. Amer, Soc. Agron., 30:589- 


Table 4. — Average mean and daily maximum air temperatures taken 6 mches above a Kentucky Uuegrass sod and bare soil temperatures 

taken p2 inch below the soil surface at Columbia, Mo., 1937. 
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Maximum soil temperatures in °C by days of the month* 
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1 air 

•db vd" CJv CO vd* Hi 00 irivo lo t>. b*. cooo vb hm 

M(-iCMHiCMCMCMCMNCMi"»Mi-< 

Period 

Mar. 1-15. — . . 

Mar. 16-31 

Apr. 1-15 

Apr. 16-30 

May 1-15 ! 

May 16-31 ^ 

junei-15 

June 16-30 

July I-I5 

July 16-31 

Aug. 1-15 

Aug. 16-31. . . . . . 

Sept, i-i 5 

Sept. 16-30 

Oct. I-I 5 

Oct. 16-31 


*Plain type indicates the occurrence of 65 to 100% possible sunshine for the day indicated; italic type indicates the occurrence of 10 to 65% possible sunshine; 

and bold face type indicates the occurrence of from o to io% possible sunshine. 

fTemperature recorder was out of commission during the period April 14 to 18, inc. 
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with normal variations of temperature may be necessary to provide 
the required combination of factors favorable to germination. 

Since white clover , J. repens, behaves principally as a winter annual 
in the south, high temperature may be an inhibiting factor in its ger- 
mination, though observations have indicated that it is not as adversely 
affected by high temperatures as low hop clover or subterranean 
clover. 

If perchance the hard seed of the species studied is softened by the 
effects of summer temperatures/light, and moisture after maturing 
in late spring, high soil temperatures, as shown by these studies, 
would undoubtedly inhibit its germinating until fall. 

SUMMARY 

Seed of low hop clover, cluster clover, subterranean clover, Persian 
clover, and buffalo clover was hand harvested, separated in two 
parts, one of which was scarified and the other left unscarified. Sam- 
ples from both scarified and unscarified seed of each species were 
germinated under controlled laboratory conditions at temperatures 
of 35° C, 30° C, 25° C, 20° C, 15° C, 10° C, and 5° C, for 2 8 -day periods 
at monthly intervals beginning in July and continuing for 8 months 
and after 2 and 3 years. Unscarified seed of crimson clover hand 
harvested was germinated for one period at the above temperature 
differentials. Percentages of germination and hard seed are reported 
after 6 days in test and at the end of the 28-day period. 

SCARIFIED SEED 

The germination of the scarified seed of all species studied was in- 
hibited in varying degrees by the temperatures of 30° and 35° C. 

At 20° and at the lower temperatures subterranean clover and low 
hop clover germinated well, while at 25° the germination was very 
low. , 

The germination of cluster clover was appreciably lower at 25° than 
at 20° except for the October and November tests. Also a marked 
reduction in germination occurred between the 25° and 30° and be- 
tween the 30° and 35° temperatures. 

Buffalo clover germinated practically as well at 25° as at 20° while 
at 30° a decrease in percentages from 80 to 32 occurred. 

Persian clover was least affected by temperature of germination 
for the germination averaged more than 70% at both the 30° and 35° 
tests. 

In general, germination at 25° increased during the first three 
months of test for Persian clover and buffalo clover, while for cluster 
clover the increase occurred through October but after November a 
definite decrease occurred. This reduction in germination did not 
occur for Persian clover and buffalo clover. 

A marked reduction in the viability of the seed of the four species 
tested had occurred when germinated in September 1937 and in July 
1938. 

At the 5° temperature the sprouts of cluster clover, buffalo clover, 
and low hop clover were somewhat stunted and watery while those of 
the Persian clover and subterranean clover appeared normal. 
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After 21 days swollen non-germinating seed at ttie 30° and 35"^ 
tests for the first two months were transferred to the 20° and 10® 
chambers where germination was rapid and complete at either tem- 
perature for all species except low hop clover. The swollen seeds of 
this species germinated much faster when transferred to 10° than 20° 
indicating a dormancy induced by the high temperature. 

UNSCARIFIED SEED 

The hard seed content of the unscarified seed of the five species 
studied was not affected by the temperature gradients or period 
tested except Persian clover. Beginning with the November test a 
gradual softening of the hard seed of Persian clover occurred and this 
was progressively greater at the lower temperatures and was the most 
pronounced after the second and third year. 

The one test with crimson clover seed made three months after 
harvest indicated that a high percentage of the seed was soft and that 
there was no significant difference in germination at the different 
temperatures. 

An analysis of continuous soil temperature records taken at Colum- 
bia, Mo., and the results of these germination studies at different 
temperatures clearly show that high summer soil temperatures in- 
hibit the germination of the species studied except crimson clover. 
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IDENTIFICATION OF STANDARD AND FAIRWAY STRAINS 
OF CRESTED WHEATGRASSi ■ ; 

w, y 

C RESTED wlieatgrass, Agropyron cristatum (L.) Beauv'., has 
spread rapidly in "Montana and other western states during re- 
cent years. It is a hardy drought-resistant grass particularly valuable 
for dryland pasture and has been extensively used for re-grassing 
abandoned cultivated lands. Two strains, S.P.I. 1953? and Saskat- 
chewan 1350, known respectively as Standard ^ and Fairway, are 
grown and handled commercially. Because of their different adapta- 
tions and uses, it is often necessary to distinguish between these two 
strains in order to detect substitutions or mixtures. 

Studies have been made of the comparative morphology of the 
seeds, of plants in the seedling stage, and of headed plants in the field 
during the past 3 years. In making this study, approximately 500 
seed samples were examined, too seedling plants were studied, and 
observations were made in- 80 registered crested wheatgrass fields in 
many parts of Montana. 

The seeds of Standard and Fairway crested wheatgrass differed in 
size, shape, weight, percentage' of awned seed, and enclosure of the 
palea by the lemma. When these differences were considered, it was 
possible to make reliable identifications and approximate separations 
of mixtures. Percentages given refer to the proportion of the seed 
examined. 

I. Size 

Length in millimeters not including the awn 
Standard: More than 6 mm, 68%; 6 mm, 28%; and less than 6 
mm, 4%. 

Fairway: More than 6 mm, 6%; 6 mm, 56%; and less than 6 
mm, 38%.^ 

Average width in millimeters 
Standard: i.oo 
Fairway: 0.75 

^ Observations have shown that seeds grown under adverse con- 
ditions, or from certain cleaning separations, may be somewhat 
reduced in length. However, under such circumstances, Standard 
seeds maintained a greater width and it was usually possible to 
distinguish between the two strains by careful observations. 

2. Awns 

Presence on seeds 

Standard: Present on 14 to 55%, average 30%. 

Fai rway: Present on 50 to 88%, average 70%. 

^Contribution from Montana State College, Agricultural Experiment Station, 
Bozeman, Mont. Paper No. 123, Journal Series. Received for publication March 
20, 1939. 

^Seed Analyst. 
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Length of awns in millimeters 

Standard: Less than 0,5 mm to more than 4.0 mm, average 2.0 
mm. . . 

Fairway: Range from 2.5 mm to 4,0 mm, average 3.0 mm. 

In threshing, the awns ot the Standard strain tencied to break off 
entirely or partially more "easily than those of Fairway. This differ- 
ence in the percentage of awned seeds and length of awns was 
strikingly apparent when samples of the two strains were compared. 

3 . Shape . , 
Standard: 70% tapering 

Fairway: 72% boat-shaped 

This difference was not clearly defined but was of assistance in 
making analytical separations of the two strains. 

4. Enclosure of palea 

Standard: Lemmas fitted closely over edges of palea almost cover- 
ing veins on which the teeth occurred in 72% of the seed. 
Fairway : Lemma rarely extended to toothed palea veins except in 
immature seed. 

This difference was not always pronounced but in connection 
with other characters was of assistance in identifying certain seeds. 
A hand lens or microscope was necessary for this determination. 

5. Weight 

Standard: Average weight of 1,000 seeds was 2.41 grams. 

Fairway: Average weight of 1,000 seeds was 1.38 grams. 

One thousand seeds of the heaviest Fairway sample weighed 1.56 
grams. This was 0.16 gram less than 1,000 seeds of the lightest 
standard sample taken from a lot of screenings. The difference in 
the w’^eight of Standard and Fairway seeds was normally a reliable 
means of distinguishing between the two strains. The differences 
between the seeds of the two strains are shown in Fig. i. 

IDENTIFICATION OF PLANTS 

Plants of the two strains were studied in the seedling stage and 
during the period from heading to maturity. The important differ- 
ences observed w^'ere as follows: 

L Seedling stage (percentages refer to the proportion of the plants 
examined) 

1. Upper surface of leaves 

Standard :Fine leaf-hairs usually thinly scattered, 24% of plants. 
Remainder glabrous. 

Fairway: Fine leaf-hairs found on 100% of plants. Thinly scat- 
tered on some plants. 

2. Auricles 

Standard: Present on 46%. 

Fairway: Present on 84%. 

The auricles varied from clawed to wanting but were generally 
more prominent and longer on the Fairway. Auricles tended to dry 
up and break off as the plants approached maturity. This charac- 
ter, therefore, was not reliable after the leaf sheath edges began to 
dry up. 
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Leaf-sheath spines 

Standard: Present at sides of collar or along edge of leaf-sheath 
on 8 1% of plants. 

Fairway: Not present. 

' g ■ ■ ■ These coarse .hairs or spines. 

tended to drop o.ff as the plants 
approached maturity but were a 
Ijj 1;\ better character for identifica- 
r\ // b \ tion than the auricles. 

^ 4 d V \ seedling studies were made 

\ \ \\ Y I It on plants grown in the greenhouse. 

-' A Plant height measurements and 
‘ i P M \ leaf counts were made at 3 “day in- 

l ^ ( i y y tervals for 42 days after eixiergence. 

: ^ During this period little difference 

^ I I j i observed in the height and in 

I; j ( ' U number of leaves per plant. 

V J \ i| I Stems were cut from the green- 

\ ^ { f ) house plants for binocular micro- 

days after 


scope observation 6$ 
planting. At this stage the plants 
had begun to stool, having two or 
more stems and six or more leaves 
per plant. The differences in seed- 
ling characters are illustrated in 


Fig, I . — Crested wheatgrass seeds 
(X 20). A, Standard; B, Fairway. 
Differences in size, shape, awns, 
and enclosure of the seed by the 
lemma are shown. 


Fig. 2. — Crested wheatgrass ligule 
area (X 10). A, Standard; B, Pair- 
way. Pine hairs on upper leaf sur- 
face of Fairway and coarse hairs on 
leaf sheath of Standard are shown. 
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Fig. 3* — Showing variation in growth of individual plants of the 
Standard strain. 

3. Spikes ’ ■ ■ ■ ■■■ : 

Standard: Variable; tapering or cylindrical, twisted or straight, 

erect or nodding, large or small (Fig. 4). 

Fairway: Broad at base and tapering toward tip. 

4. -Awns.-.,:- 

Varied in length from less than 0.5 mm to more than 
5.0 mm. Some spikes were awnless. 

Fairway: Usually longer than on standard and less variable. 
Average 3.0 mm in length. 

5. Upper surface of leaves 

Standard: Hairs present on but few plants, usually thinly scat- 
tered. 

Fairway: Long, fine hairs present on practically all plants. In the 
field the best time to observe the above differences in the headed 
plants was shortly before the bloom stage when the variability of the 
Standard strain was more pronounced. 


11. Headed plants 

j. Variability in height and coarseness 

Standard: Stems varied greatly in height, coarseness, and num- 
ber per plant (Fig. 3), 

Fairway: Stems more uniform in height and number. Usually 
finer, more stems per plant and medium height. 

2. Color 

Standard: Plants varied from dark green to grayish green. 
Fairway: Plants usually bright green. 
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Fig. 4.— Head types of crested wheatgrass. A and B, Fairway 
strain; remainder Standard strain. 

Fairway being a selection was less variable in all characters. Hairs 
on the upper leaf surface were best seen in the field by rolling the leaf 
over the finger and holding it toward the sun. As the plants ap- 
proached maturity, distinction between the two strains became more 
difficult. 

SUMMARY 

Seeds and plants of Standard and Fairway crested wheatgrass 
were examined to determine the differences which would furnish a 
means of more definitely identifying these two strains. 

The differences in size, weight, shape, percentage of awned seeds, 
and enclosure of the palea by the_ lemma made it possible to distin- 
guish the two strains and determine the approximate percentage of 
each in mixtures of seed. 

Identification was most difficult in the seedling stage but plantings 
of the two pure strains were identified by the presence or absence of 
leaf“hairs, hairs on the leaf sheath edges, and auricles. 

^ Field plantings of the two strains were most easily distinguished 
3ust before blooming. At that stage of growth, the differences in the 
size and shape of the spikes and the variations in the height and 
color of standard plants were most pronounced as contrasted with 
the greater uniformity of Fairway. These variations furnished the 
best means of distinguishing between the two strains in the field. 


THE EFFECT OF CULTIVATION AMD EROSION ON THE 
NITROGEN AND CARBON OF SOME KANSAS SOILS^ 

J. C, Hide AND W. H. Metzger^ 

H orizontal or contour cultivation was recognized in the 
United States as a desirable practice for erosion control by 
Randolph, and advocated by Jefferson, before the year 1800. This 
method of cultivation has not been generally used by farmers, and 
until very recently was not extensively advocated by agricultural 
specialists. Experimental field work on the desirability of tlie practice 
is of recent origin. 

EXPERIMENTAL PROCEDURE 

In an effort to compare cultivation across the slope with up and down hill 
cultivation in regard to loss of carbon and nitrogen, 20 sets of samples were taken 
from farmers’ fields in the eastern half of Kansas. Each site is represented by three 
samples, the first of which was located on sod land which, in so far as could be 
determined, had never been cultivated. The two additional samples were taken 
from an adjacent cultivated field of similar slope, one where the cultivation marks 
were directed up and down and the other where the cultivation has been approxi- 
mately across the slope. These samples were mostly taken from fields of such 
dimension or location that past cultivation has been predominantly in one di- 
rection. Locations representing across the slope cultivation were selected only by 
observation and have very probably suffered greater erosion losses than would 
have been the case with carefully contour cultivated land. 

With the exception of sites 18 and 20, which are located at the extreme eastern 
edge of the chernozem belt, all of the soils sampled belong to the Prairie group. 
In texture the soils are mostly silt loams or silty clay loams, but very fine sandy 
loams are found at sites i, 2, 4, and 15. The exact period of cultivation could not 
be determined, but by statements obtained from farmers it was found that, with 
two or three exceptions, the cultural period was at least 30 years, and in many 
cases was much longer. Settlement in the eastern part of the state started about 
1855 and in the central area was about 10 years later. 

At each site a 0- to 7-inch surface sample and a 7- to 20-inch subsurface sample 
were taken. The samples were collected in cardboard cartons, brought to the lab- 
oratory, air dried, and stored until the following winter when the analyses were 
made. The samples from northeast and north central Kansas were taken in 1936, 
and those for southeast and south central Kansas in 1937. 

Organic carbon and total nitrogen determinations were made on each sample. 
The organic carbon wms determined by the method of Scliollenberger as outlined 
by Allison (i).^ For the nitrogen determination the samples were digested accord- 
ing to the Gunning- Hibbard procedure, distilled into 4% boric acid, and titrated 
with N/7 H2SO4 in the presence of brom-cresol-green and methyl red. The data 
obtained are presented in Tables i and 2 and are shown graphically in Fig. i. 

^Contribution No. 293 from the Agronomy Department of the Kansas Agri- 
cultural Experiment Station, Manhattan, Kan. Received for publication March 
20, 1939, 

^Assistant Professor of Soils and Associate Professor of Soils, respectively. 
^Figures in parenthesis refer to “Literature Cited”, p. 632. 
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Data covering samples from approximately one-half of the state and represent- 
ing 13 soil series, 18 soil types, and different rainfall conditions would be expected 
to be highly variable. However, the variability does not conceal some very definite 
trends in the data. 

LOSS OF CARBON AND NITROGEN DUE TO CULTIVATION 

A comparison of the data in column 2 with that in column 4 of 
Tables i and 2 or an examination of Fig. i show a very evident de- 
crease in carbon as a result of cultivation and cropping. Columns 3 
and s show a similar reduction in nitrogen resulting from the same 
treatment. The average of the data for the 20 sites shows a loss of 
37% of the carbon and 32% of the nitrogen from the surface soil, 
while the loss from the subsurface soil was, respectively, 25 and 20%. 
In T9 of the cases the carbon and nitrogen in both the surface and sub- 
surface soil have decreased as a result of cultivation. The exception is 
probably due to sampling error. Statistical treatment shows this loss 
to be highly significant. 

The nitrogen loss has been relatively less than the carbon loss. In 
17 of the cases in both the surface and subsurface, the carbon-nitrogen 
ratio has decreased as a result of cultivation. This is in agreement with 
the frequent observation that as the decomposition of organic matter 
proceeds, the carbon-nitrogen ratio becomes narrower. 

Under conditions at three experimental fields in western Kansas 
very large losses of nitrogen were found by Gainey, Sewell, and Lat- 
shaw (2) to result from cultivation and cropping. The amount of this 
loss was largely dependent on the amount of nitrogen originally 
present in the soil. When the data of Table i are divided into two 
groups according to nitrogen content, greater absolute loss from the 
higher nitrogen group is found, the nitrogen decreasing from an 
average of 0.217% to 0.145% while for the lower group the decrease 
was from an average of 0.152 to 0.104%. However, the percentage 
loss remains about constant, being 33.2 for the upper group and 31.3 
for the lower group. 

A '‘cultivation factor” was established by expressing the carbon 
in the sample cultivated across the slope as percentage of the carbon 
in the sod sample. This represents the relative amount of carbon 
which was retained following the cultural treatments in use on the 
farm, when erosion was at least partially controlled. These data are 
given in column 8 of Tables i and 2, and show a very interesting 
relationship between the carbon loss and the amount of annual rain- 
fall, the loss becoming greater as the rainfall decreases. This relation- 
ship is shown distinctly in Fig, 2 where the “cultivation factor” for 
the surface soil is plotted against the rainfall. The correlation coeffi- 
cient for these data is ,5737, giving odds for significance of slightly 
greater than 99 to i. In the subsoil data the correlation coefficient is 
•2 594 > giving odds for significance of only about 7 to i. 

The data are not sufficiently extensive and do not cover a wide 
enough rainfall area to establish the exact nature of the curve. Yet, 
averages of the groups of samples shown in Fig. 2 fall close to a 
straight line. Sewell and Gainey (5) found that under cultivation a 
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Fig, I.— Garbon and nitrogen content of soil under sod and of 
similar soils differently cultivated. In each group of three, the 
sod land, the center bar land cultivated across 
the slope, and the right bar land cultivated up and down the 
slope. For convenience m presentation the carbon data have 
been divided by 10 . 
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soil at Colby where the annual rainfall is 18.4 inches lost 60% of its 
carbon in 23 years, a soil at Garden City under 20.2-inch rainfall 
lost 39.5% in 20 years, and one at Hays under rainfall of 23.7 inches 
lost 54.5% in 26 years. These soils also differ somewhat in texture, 
the Garden City soil being somewhat coarser than that at Colby or 
Hays. These losses are of about the same order as those obtained by 
the authors for samples taken in Jewell County under 25-inch rainfall. 
This may indicate a leveling of the line in that portion represented 


Table 2.— Carbon and nitrogen data for the subsurface soil. 


Sample 
No., 1 

i 

vSod 

Across slope 

Up and down slope 

Culti- 

vation 

factor,* 

% 

Conser- 
vation 
factor, t 
% 

c, 

% 

N, 

% 

c, 

% 

N, 

% 

c, 

% 

N. 

% 




Southeast Kansas 




I 

i 0.80 

0.07s 

0.70 

0.066 

0.75 

0.072 

87.5 

107. 1 

2 

1.03 

0.086 

0.76 

0.068 

0.87 

0.078 

73-8 

114*5 

3 

2.12 

0.150 

2.08 

0,168 

1.72 

0.144 

98.1 

82.7 

4* 

j 1,82 

0.134 

! I.OI 

0.090 

0.89 

0.095 

55‘5 

88.1 

5- 

! 1.88 

0.158 

1 1.80 

0.148 

1.26 

O.II4 

95-7 

70.0 

Av 

1-53 

0.12 I 

1.27 

0.108 

1. 10 

O.IOi 

82.1 

92.5 

Rel.f. . . . 

100 i 

100 

83-0 

89.0 

71.9 

83.5 

— 

— 




Northeast Kansas 




6 

1.62 1 

0.128 

1.31 

0.105 

I.OI 

0.091 

80.9 

77.1 

7 

1.93 

; 0.143 

1.59 

0.132 

1.03 

0.102 

82.4 

64.8 

8 

1*73 

0.134 

1. 41 

0.094 

0.82 

0.080 

81.5 

58.2 

9 

0.68 ' 

0.066 

0,35 

! 0.041 

1 0.35 

0.043 

51.5 

100.0 

10. 

1.99 

0.169 

L15 

0.108 

0.94 

0.089 

57.8 

81.7 

Av 

, 1-59 

0.128 

1. 16 

i 0.096 

0.83 

0,081 

70.8 

76.4 

Rel 

100 

100 

73-0 

1 75-0 

i 52.2 

63.3 


— 




South Central Kansas 




II 

1.07 i 

0.091 

0.86 

0.077 

, 0.79 

0,069 

■ . 8o.4'. " 

1 91*9 

12 ■ 

1.60 

0.123 

0.92 

i 0.094 

0.71 

0.068 

57*5 

77*2 

13....... 

1.81 

0.152 

1.77 

0.142 

1 L39 

0, 1 1 7 

97.8 

78.5 

H 

1.79 ■! 

0.143 

L33 

0.112 

L73 

0.154 

74*3 

; 130.1 

Av 

1.57 

0.127 

1.22 

0.106 

1. 16 

0.102 

77-5 

: 94.4 

Rel 

100 

100 1 

77-7 

83-5 1 

73-9 

80.3 

— 

1 




North Central Kansas 




15 

1.09 

0.092 

■ 1. 12 

0.090 

0.50 

0.048 

102,8 

44.6 

16 

■ r.28^ 

0,129 

0.92 

0.098 

0.74 ,, 

0.071 

71.9 

80.4 

17 

1.63 

0.130 

0.82 

0.080 

0.70 

0.073 

50.3 

85-4 

18 

0.96 

0.091 

0.88 

0.087 

0.35 

0.046 

91.7 

39-8 

n; 

1.22 

0.112 

0.52 

0.058 

0.60 

0.069 

42.6 

115.4 

20 

1.49 

0.123 

0.88 

0.092 

0.91 

0.091 

59.1 

103-4 

Av 

1.28 

0.113 

0.86 

0.084 

0.63 

0.066 

69.7 

78.2 

Rel 

100 

100 I 

67.2 

74-3 

49.2 

58.4 

— 







Average 




Av i 

1 1,48 

1 0 .I 2 I 1 

I. II 1 

0.097 

0.90 

0.086 1 

74*7 1 

84-5 

Rel 1 

1 100 1 

1 100 1 

75.0 1 

80.1 

60.8 

71. 1 i 

— - 1 

— 


^Carbon for the site cultivated across the slope expressed as a percentage of the carbon in the 


sou: sample. 

tCarbon for the site cultivated up and down the slope expressed as a percentage of the carbon 
in the sample cultivated across the slope. 

JCarbon or nitrogen expressed as percentage of the amount m the sod sample. 


630 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

by the samples of the lower rainfall areas or it may be that the period 
of cultivation at these western Kansas sites has been somewhat 
shorter than in Jewell County and the loss of carbon has not proceeded 

as far. 



Fig. 2. — Cultivation and conservation factors in relation to rainfall. The x 
symbols represent “cultivation factors”; the circle and dot, ^conservation 
factors”; and the boxed symbols group averages. The lines are drawn in 
from inspection of the data. (See footnotes to Table i.) 

The cultivation data at the upper end of the curve in Fig. 2 are 
quite variable, which may indicate that the apparent straight line 
relationship is starting to break down. However, support for the idea 
that a rise may continue with increasing rainfall is provided by 
Wheeting (6) who finds an increase in the carbon content of the hu- 
mid forest soils of western Washington following cultivation and crop- 
ping. His data are not directly applicable to eastern Kansas conditions 
since it has been shown by Jenny (3) that organic matter relationships 
in the soil are dependent on at least temperature and moisture. 

LOSS OF CARBON AND NITROGEN DUE TO EROSION 

An examination of Tables i and 2 and of Fig. i shows that a greater 
loss of carbon and nitrogen has occurred from the sites where culti- 
vation was directed up and down the slope than where it was across 
the slope. This loss is attributed entirely to erosion and, while it is 
not the total erosion loss, it is a loss that could readily have been 
prevented by proper cultural treatment. It should again be pointed 
out that the samples representing across the slope cultivation were 
selected only by observation and the data are consequently a very 
conservative approximation of the results that could be obtained with 
careful contour cultivation. 


HIDE AND METZGER*. NITROGEN AND CARBON LOSSES 63 1 

A comparison of the data in column 4 with those in column 6 of the 
tables shows that cultivation across the slope when compared with 
cultivation up and down the slope has maintained more carbon in the 
surface soil in 17 of the 20 cases and in the subsoil in 15 cases. The 
nitrogen loss due to erosion has been slightly less than the carbon loss. 
The average of all of the data for the surface soils shows that cultiva- 
tion across the slope when compared with sod land has maintained 
63.3% of the carbon while up and down the slope cultivation main- 
tained only 55.9%. If the eastern Kansas data only are considered 
the p^ercentages are, respectively, 71. i and 57.8. For the 20 sites, cul- 
tivation across the slope conserved 16.8% of the carbon that was lost 
when cultivation was directed up and down the slope while in eastern 
Kansas it conserved 31.5%. A similar conservation can be observed 
from the subsoil data. Calculation of the Z value according to Love 
and Brunson (4) and use of Love’s tables show odds of 65 to i for 
significance of the carbon loss due to erosion from the surface soil, 
wMle in the subsoil the odds for significance are 430 to i. 

A ‘‘conservation factor” was established by expressing the carboti 
in the samples taken where the cultivation had been directed up and 
down the slope as a percentage of that in the samples from land which 
had been cultivated across the slope. According to this concept, when 
the carbon content equals that of the samp>le taken where cultivation 
was across the slope, conservation is considered to be 100%. These 
data are given in column 9 of Tables i and 2. From the group aver- 
ages it is apparent that the erosion loss has been greater from the two 
eastern sections of the state than from the two central sections. The 
data for the central sections are highly variable and though the aver- 
ages show practically no saving for contour cultivation, this is very 
probably a result of the data being insufficient for areas in which 
variability is so high. The average for south central Kansas should 
be questioned since three of the values are of the same order and show 
an average “conservation factor” of 87 which is offiset by the data 
at site 14 where the two cultivated samples were taken at a con- 
siderable distance apart. 

In Fig, 2 the “conservation factor” for the surface soil is plotted 
against rainfall and indicates a possible inverse relationship, the per- 
centage of carbon conserved increasing as the rainfall decreases. 
These data, however, yield a correlation coefficient of only — .4003 
giving odds of slightly less than 19 to i while the subsoil data give a 
coefficient of +.1235. 

Throughout the area studied, the rainfall comes mostly during the 
, growing season and much of it in the form of downpours. 

SUMMARY 

At each of 20 sites in the eastern half of Kansas soil samples were 
taken to represent sod land, land which has been cultivated across the 
slope, and land which has been cultivated up and down the slope. 
Organic carbon and total nitrogen determinations were made on 
these samples. 

In comparison with the sod sample, cultivation across the slope 
associated with cropping has brought about a highly significant loss 
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of carbon and nitrogen amounting to 37 and 32%, respectively, for 
the surface 7 inches of soil, and 25 and 20% in the 7- to 20-inch 
layer. The actual loss of carbon becomes significantly greater as the 
average annual rainfall decreases from 40 inches in southeast Kansas 
to 25 inches in north central Kansas. 

The carbon loss which occurred from the surface soil where the 
land has been cultivated across the slope is 16.8% less than where 
cultivation has been up and down the slope. This saving is statis- 
tically significant. If only that half of the data from the relatively 
humid extreme eastern section of the state is considered, the carbon 
loss was reduced 31.5% by cultivation across the slope. 
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BURIED RED RICE SEED^ 

W. L. Goss AND Edgar Brown^ 

R ed rice is the most troublesome weed pest occurring in rice 
w fields. Once harvested with the cultivated rice crop, it cannot 
be removed by any known machinery. The kernel is often slightly 
smaller than that of commercial rice varieties and the red seed coat 
from which it derives its name cannot be entirely removed in the 
milling process without materially reducing the yield of head rice. 
Streaks of the red bran which often are left on the milled kernels 
seriously injure the appearance of the milled rice and lower the grade. 

A survey of seed rice used in the states of Louisiana, Texas, and 
Arkansas was made in the spring of 1929 by W. D. Smith, J. J. 
Defies, and C. H. Bennett of the Rice Project, Grain Investigations, 
Grain Division, Bureau of Agricultural Economics, U. S. Dept, of 
Agriculture. They drew samples from 337 lots of rice seed actually 
being planted. Of these samples, 54% contained seeds of red rice, 
the average number per pound being 28. One sample showed 585 
red rice per pound. Using 80 pounds per acre, over half of the rice 
growers were planting on an average about 2,300 red rice seeds per 
acre or i on every 18 square feet. 

, A similar survey was made in California by the Federal-State Seed 
Laboratory in the spring of 1932, Samples were obtained from the 
seed being used in planting approximately one-sixth of the state's 
rice acreage. Of the samples taken, 42% contained red rice seed 
ranging from 3 to 57 seeds per pound. The California Federal-State 
rice inspection service reported in 1932 that of 907,251 sacks of 
rough rice inspected, 2.9% graded No. 2, 1.9% graded No. 3, 3-2% 
graded No. 4, and 0.3% graded No. 5 because of red rice. 

Red rice is known to volunteer in the rice fields of the South, but 
just how long the seeds are capable of remaining viable in the soil 
is not definitely known. 

An experiment was planned by the U. S. Dept, of Agriculture to 
determine the length of time red rice seed will remain viable in the 
soil under different climatic conditions and was started in the fall 
'.of 1930.. , , 

PLAN OF EXPERIMENT 

Five samples of red and two samples of cultivated white rice were buried on 
the rice experiment stations at Stuttgart, Ark., October 28, 1930, at Beaumont, 
Tex,, October 31, 1930, and at Biggs, Calif., November 17, 1930. At each station, 
12 pits were dug, 6 so located that they would be submerged as is practiced in 
growing a normal crop of rice, and 6 so located that they would receive natural 
rainfall only. 

^Contribution from the U. S. Dept, of Agriculture, Washington, D. C., in 
cooperation with the State Department of Agriculture, Sacramento, Calif. Re- 
ceived for publication March 20, 1939. 

^Senior Botanist, Enforcement of Federal Seed Act, U. S, Dept, of Agriculture, 
and the State Department of Agriculture, Sacramento, Calif., and Principal Bot- 
anist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. 
Dept, of Agriculture, respectively. 
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The seed was buried as follows: 200 seeds were mixed with enough dry soil to 
fill a 4-mch flower pot about three-quarters full. The mixture of the seed and soil 
was then pressed firmly into the pots and the remaining space filled with dry soil 
and then covered with a porous clay saucer. The pot and saucer were then inverted 
and placed, in the pit, which was dug deep enough to allow for a 4-ineh soil cover. 
The soil was packed firmly about the pots. The porous nature of the pots allows 
free circulation of moisture through the soil in the pots. The object was to subject 
the seeds, as nearly as possible, to the conditions which would prevail if they were 
plowed under and to be able to reclaim them for periodic germination tests. 
Seven pots, each containing a different sample of seed, were placed in each pit. 
It was planned to take up the seven pots from one of the dry and one of the wet 
pits at each of the three stations and test the seeds for germination in 1931 , 1932, 
1933, t935, 1937, and 1940. 

At Biggs, envelopes containing seed from each lot were placed in quart glass 
easy-seal jars, sealed as in canning fruit, and buried bottom-side up in each pit of 
the dry plot. In the irrigated plot at Biggs there was buried in each pit an un- 
marked pot containing seeds of water plantain {Alisma pla 7 ttago) and water grass 
{Echinochloa crusgaUi). Both the water plantain and the water grass have pro- 
duced some sprouts each year that they have been tested previous to 1937, but 
the percentage of growth has been low, perhaps due to unfavorable conditions for 
germination. Weed seeds are often difficult to germinate under laboratory condi- 
tions. 

Sets from the irrigated and non-irrigated plots w-ere taken up and tested for 
germination in the spring of 1931, 1932, 1933, 1935, and 1937. 

RESULTS 

Table i shows the germination results obtained from the seeds 
buried in actual contact with the soil at the three stations for each 
of the years in which they have been taken up and tested for germi- 
nation. 

Frorn these results, it is evident that the southern red rices retain 
their vitality when buried in the soil much longer than does either 
the Italian or California red or the cultivated white rices. It also 
appears that the southern reds retain their viability longer under 
Texas and Arkansas conditions than under California conditions. 
Under Texas and Arkansas conditions, the seed buried in the irri- 
gated plots retained its vitality longer than that in the unirrigated 
plots. In California, the results were practically the same for the 
irrigated and unirrigated plots except that the Italian purple-awned 
red survived much longer under dry conditions. The California 
white-awned red rice and the two samples of cultivated white rice 
gave little or no germination after the first year. The Italian purple- 
awned red rice from California showed more resistance and retained 
its viability longer in California than in either Texas or Arkansas. 

Table 2 gives the germination of each lot of seed before it was 
buried, the germination of samples from the same lot kept in dry 
storage in the Seed Laboratory at Washington, D. C., and the germi- 
nation of samples from the same lots after they had been buried in 
sealed containers protected from outside moisture but subjected to 
the same temperature conditions as the seed buried in the terra cotta 
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•Table i - 


-Vitality of red rice seed after being buried in the ground for one f wo, 



Beaumont, Tex. 

Stuttgart, Ark. 

Biggs, Cal. 

Year 

Irrigated ! 
% 

Non- 1 
irrigated 
% 

Irrigated 

% 

Non- 1 
irrigated 
% 

Irrigated 1 
% 

1 Non- 
irrigated 

1 


1931 

1932 

1933 
1935 
1937 


1931 

1932 

1933 
1935 
1937 


1931 

1932 

1933 
1935 
1937 


1931 

1932 

1933 
1935 
1937 


1931 

1932 

1933 
1935 
1937 


1931 

1932 

1933 

1935 

1937 


1931 

1932 

1933 
1935 
1937 


0.0 

1.5 

0.5 

0,0 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 


Italian Red Rice, Purple Awns 

1.0 29.0 

2.0 1 4-0 

0.0 1.5 

0.0 2.5 


0.0 


0.0 


0.0 

0.5 

1-5 

1.0 

0.5 


California Red Rice, White Awns 


0.0 

17.0 1 

0.0 

0.0 

4-5 1 

2.0 

0.0 

7.0 

0.5 

0.0 ' 

0.0 

0.0 

0,0 

3-0 

0.0 


Southern Blackhull Red Rice 


Southern Red Rice- 


Southern Red Rice 


Supreme Blue Rose Rice 
0.0 
0,0 
0,0 
0.0 
0.0 


0.0 

0.0 

0.0 

0.0 

0.0 


2.0 

0.0 

23.5 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

I 0.0 

. 0.0 



Caloro Rice 

1.0 

0.5 

18.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


2.0 

0.5 

0.5 

0.05 

0.0 


4.5 

1.0 

1.0 

0.0 

0,0 


0.5 

0.0 

0.0 

0.0 

0.0 


9.0 

1.0 
0.0 
0.0 
0.0 


So.of 

47-5t 

87,0 

36.ot 

95.0 

88.5 

82.0 

80.0 

50-5 

82.0 

80.5 

590 

47-5 

31.0 

7.0 

59-5 

2.0 

27.0 

27-5 

3-0 

2.5 

0.0 

20.0 

1.5 

0.0 


SS.ot 

67 . 5 ^ 

75-0 

i8.ot 

67.5 

64.5 

i7.ot 

45-0 

42.5 

67.0 

50.5 

7.0 

25.0 

0.0 

56.5 

11. 5 

35-0 

0.5 

19.0 

6.0 

0.0 

0.0 

4-5 

i.S 

0.0 


54-5 1 

70.5 

67.5t 1 

20 .ot 

67.5 

44.0 ! 

8.5t 

79-5 

51-5 

65.0 

15.5 

23.0 

59.0 ' 

27 . 5 . 

■ 5-5 

0,0 

0.0 

12.0 

7.0 ,! 

6.0 

0.0 

0.5 

2.5 

1.0 

0.5 


I5.5t 

35.0 

16.5 

0.0 

0.0 


2.0 

0.0 

0.0 

0.0 

0.0 


99.0 

66.0 
1.0 
0.0 
0.0 


63-5 

3^*5 

3*0 

0.0 

0.0 


58.0 

18.0 
5-0 
0.0 
0.0 


6.0 

0.0 

0.0 

0.0 

0.0 


8.5 

0.0 

0.0 

0.0 

0.0 


*The germination tests of the seed toied at Biggs, cai..jere Beaumont. Tex., 

and i?uttJart*Trk^rwe?e std Investigations. Bureau of Plant Industry, 

u. S. Dept, of Agricu^lture, Washington^P. Qv having occurred before the seed 

reaffi WaSSSl d! ^ W determined. The percentages show 

only germination after receipt. 
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pots. No test was made of the laboratory stored seed after 1933. 
The seed buried in the glass jar at Biggs retained its vitality per- 
fectly for 2 years and only the two samples of cultivated rice showed 
serious loss of germination the third year. The rubber seal on the 

Table 2. — Germination of original red rice seed and of seed in dry storage in the 
laboratory and in sealed containers buried in the field. 


Italian Red Rice, Purple Awns 


California Red Rice, White Awns 
93-00 

97-50 

92.00 

85.50 


Southern Red Rice, Blackhull 

>30 76.00* 

>31 - - • 97,00 

>32 97.50 

>33 93-00 

Southern Red Rice 

>30. 82.00* 

*31 94.00 

*32 88.00 

^33 -*---- 82.50 

Southern Red Rice 
30 * 83.00* 

3^ 90.50 

32 86.00 

33 85.00 

Supreme Blue Rose Rice 

30 86.50 

3^ 92.50 

32 83.50 

33 74.50 

Caloro Rice 

30 93.50 

31 94.00 

32 81.50 

3,3 v - 45,00 

‘^‘Apparently seed was dormant when original test was made. 



Germination 

Year tested 

At time of * 

storage, 

% 

Laboratory stor- 

Sealed container, 


age at Washing- 

non-irrigated 


ton, D. C., 

% 

plot, Biggs, Calif., 

% 

i 
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glass iar failed before the seeds were taken up in 1935, admitting 
moisture and consequently spoiling the seed, making a germination 
test useless. 

CONCLUSIONS 

Under dry storage at soil temperature conditions existing in Cali- 
fomia all of the red rices tested showed good_ vitality after three 
winters. The cultivated rices showed loss of vitality in the third year, 

especially the Caloro variety. , xi. f .i- 

Cultivated white rice when buried in the soil at the depth of ordi- 
nary plowing loses its vitality during the first winter 

Italian and California red rices behave very similarly to cultivated 

rices although they are slightly more persistent. _ ^ 

In general, the seed remained alive longer in the irrigated than in 

^^The^Itahan purple-awned red variety retains its vitality longer 
than the California white-awned, particularly under dry contoions 
The southern red rices show good vitality after 3 years in the soil 
and some germination after 7 years. They appear to persist_ longer 
under Texas and Arkansas conditions than under California con- 

U d!' evident that clean culture during a short rotation will not 
rid the land of red rice. 
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THE EFFECT OF CARBON DIOXIDE PRESSURE UPON 
EQUILIBRIUM OF THE SYSTEM HYDROGEN 
COLLOIDAL CLAY-HsO-CaCOa' 

Charles F. Simmons^ 

T he reaction between CaCOs and soils is one of the most im- 
portant in soil chemistry. As a result it has been investigated 
under a wide range of conditions by a very large number of workers. 
In the great majority of these studies, however, factors known to 
have an appreciable effect upon the reaction were not adequately 
controlled. The pressure of CO2 above the reacting system is one of 
the most important of these factors. The carbon dioxide content of 
the soil air is known to vary from 0.03 to 12.0% largely as a result 
of variations in biological activity and soil ventilation. It is well 
known that CO2 dissolves in water to form carbonic acid. The effect 
of the pressure of CO2 upon the amount absorbed by water and 
various salt solutions has been thoroughly investigated. The data 
of Bohr (3)'^ are commonly regarded as quite reliable. Water charged 
with CO 2 is known to be a good solvent for many soil minerals, 
especially calcite. The effect of CO2 pressure upon the solubility of 
calcite in water has been investigated (8) and later reinvestigated 
by Johnston and his students. Frear and Johnston (5) give values 
obtained by plotting the best existing data. 

It has been commonly assumed (4) that the amount of Ca (HC03)2 
in solution in a soil suspension containing an excess of soil CaCOs 
is the same as it would be if the soil were not present. If this is true 
and the amount of water present and the pressure of CO 2 is known, 
it should be possible to calculate the amount of Ca present as Ca- 
(HC03)2 and the amount of dissolved CO2 in soil-CaC03-H20 syvS- 
tems from the data of Frear and Johnston (5) and Bohr (3), respec- 
tively. Some of the data obtained in the course of this investigation 
tend to throw doubt on the strict validity of the above assumption, 
but a discussion of this point will be reserved until later. 

Jensen (7) studied the amount of Ca fixed by soils from CaC03 at the pressure 
of CO 2 existing in the atmosphere by means of serial experiments in which a series 
of soil samples was treated with regular increments of Ca(OH)2. They were then 
aerated until equilibrium with the air was obtained. Constancy of the pH value 
as measured with the quinhy drone electrode was used as the criterion for reaching 
equilibrium. Buffer curves obtained by plotting the pH values thus obtained 
against the increments of Ca(OH)2 added were used to characterize the acidity 
of various soils. 


^Contribution from the Department of Agronomy, Ohio Agricultural Experi- 
ment Station, Wooster, Ohio. Also presented as Research Paper, No. 640 Journal 
Series, University of Arkansas. Abstract of a dissertation presented to the Grad- 
uate School, Ohio vState University, in partial fulfillment of the requirements for 
the degree of doctor of philosophy. Received for publication March 29, 1939. 

^Extension Agronomist, University of Arkansas College of Agriculture. Former- 
ly Assistant in Agronomy, Ohio Agricultural Experiment Station. Acknowledg- 
ment is made to Dr, Richard Bradfield tinder whose direction this study was made. 

^Reference by numbers in parenthesis is to “Literature Cited”, p. 648. 
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Bradfield and Allison (4), in an effort to find a more exact way of characterizing 
a soil “saturated with bases”, studied various soil-CaCOrHaO systems at the 
pressure of CG2 of the atmosphere. The amount of Ca reacting with the soil w'as 
determined by analyzing the equilibrated samples for total CO 2, care being taken 
not to oxidize any of the organic matter of the soil. Since the total amount of Ca- 
(0H)2 added and the solubility of Ca(HC05)2 and CO2 were known, the amount 
of Ca fixed by the clay could be readily calculated. The amount fixed was found 
to be independent of the amount of Ca(0H)2 added provided a sufficient excess 
was present to give some solid CaCOj after equilibration. This fact is a strong 
argument in favor of this concept of a base-saturated soil. The practical utility 
of this concept would be influenced by the sensitivity of the equilibrium to such 
changes in CO 2 pressure as are known to occur naturally in the soil. 

Practically all the cations fixed by clay in the range of pH values involved in 
this study (6.5 to 8.5) are held in exchangeable form. The laws which have been 
found to apply to the cation exchange reactions of clays and permutits by Wiegner 
(ii) and his students, especially Jenny (6), would be expected to apply here. 
These studies show that the amount of a cation absorbed by the clay depends 
upon: (a) The specific absorbability of the ion, which, in turn, depends upon its 
valance and ionic radius, and (b) the concentration of the cation at which equi- 
librium has been established. The empirical Freundlich adsorption isotherm ap- 
plies with fair accuracy to these systems. Adsorption isotherms show that the 
H ion is much more sti'ongly adsorbed by clays than is the Ca ion at similar con- 
centrations. 

In the present study and are the only cations involved. 
They may be considered as competing with each other for a place 
on the clay particles. The excess of solid CaCOs always present 
in these experiments furnishes an inexhaustible reserve of Ca ions. 
The increasing quantities of CO2 dissolving at the higher CO2 pres- 
sures tend to increase the concentration of the H ions. The con- 
centration of both Ca'+‘+ and H+ ions will increase then as the CO2 
pressure is increased. The increases in the concentration of both 
ions to be expected from the investigations of Frear and Johns- 
ton (s) on the system CaC03-H20-C02 are shown in Pigs, i and 2. 
It is obvious from these graphs that at the higher CO2 pressure the 
H-ion concentration will increase more rapidly relatively than will 
the Ca-ion concentration. This fact when coupled with the known 
greater specific absorbability of the H ion would lead us to expect 
that the amount of Ca fixed by the clay would decrease as the CO 2 
pressure is increased. The available data, however, are insufficient to 
enable one to calculate the magnitude of the decrease in any specific 
■'■case.'^ ■ - . 

The object of the present investigation is to determine the amount 
of Ca fixed by a hydrogen colloidal clay when it is treated with a 
known excess of CaCOs and then brought into equilibrium with 
various controlled pressures of CO2, temperature being kept con- 
stant to within o.i'^C. 

Expansion of this study to include some of the common soils is 
very desirable, but must be delayed until a complete study is made 
of the pure clay system. Individual studies of the bases found in the 
soil as well as the probable influence of the soil acids should be made. 
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Fig. I. — Effect of COa pressure on the solubility of calcite in water. 


Pig. 2. — Effect of CO2 pressure on Ca- and H-ion concentrations in aqueous 

solutions of calcite. 

EXPERIMENTAL 

PREPARATION OP MATERIALS 

The colloidal clay used in this study was prepared from a Miami clay subsoil. 
It was dispersed with NagCO^, centrifuged, and docculated with HCl, After con- 
centrating by centrifuging, the clay was electro-dialyzed to remove bases and 
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acids. Before being used it was oven dried at 105^ C and then ground in an agate 
rnortLir. Beeause of the extreme difficulty of redispersing the colloidal clay after 
it had been dried, it is believed that the organic solvent method used by Truog 
and his students (10) would have been of considerable aid in this study. 

'Fhe Ca(OTd), scdution was prepared by the usual method from Merck’s Blue 
Isabel CaO. The Cat) was prepared by calcining C.P. CaCOj at 1050“ C, The 
Ci used was a commercial grade, analyzing more than 99.9 per cent pure. 

TIME REQUIRED TO REACH EQUILIBRIUM IN THE CaC03 SYSTEMS 

CO‘2 at 71.43 cm pressure was bubbled through 75 cc of 0.0361 
N Ca,(OH)2 at 28.5° C to learn something of the time rec[uired for 
fCjuilibrium in this system. The work of Bohr (3) shows that from 
4 to 6 hours were necessary for equilibrium between CO2 and HmO 
under the conditions of his study, while Johnston and his students 
(3) found that several da3^s were required for equilibrium between 
calcite, H2O, and CO2. Fig. 3 shows the change in conductivity of 
the Ca(OH)2 solution as CO2 was bubbled through. During the first 
minute the solution became turbid with the formation of CaCOa 
iiud the conductivity dropped. During the next few minutes the 
turbidity disappeared, the Ca being further carbonated to Ca- 
(I-ICO;i)2, and the conductivity increased sharply. After about 4 
hours the excess CaCOs started precipitating on the walls of the 
vessel and the conductivity dropped slightly until after 10 to 12 
hours it became constant. Since the work of Bradheld and Allison (4) 
showed that eciuilibrium between the clay, CaCOg, H2O, and CO2 
of the air was reached within 4 or 5 hours after carbonating, it is 



T/^a* - //V 

CTon'/rac/e^c/ />ar’/Jor? of ccjri^(z. 

Pin, 3. — Time of eqitilibritim between CO* and Ca (OH)^. Conduetimetric 

study. 
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believed that in these proposed studies equilibrium would be reached 
between 4 and 12 hours, depending on the CO2 pressure used. 

To be sure that equilibrium was established in the clay-CaCOa- 
H20“C02 systems, pH determinations were made after the gas 
mixture had been bubbled through for 15 hours. Three determina- 
tions were made on each flask over a period of 3 hours. No change in 
pH was observed; equilibrium had apparently been established. 

A third criterion of equilibrium was obtained by studying the rate 
of absorption of CO2 by CaO, H2O, and H-clay, using a gasometric 
technic. The materials were introduced into a flask which was then 
evacuated and attached to a gas system containing a gas buret and 
a manometer. Adjustment of gas pressure in the system was made 
then it was allowed to react with the mixture in the flask, ilfter 
equilibrium was established at one CO2 pressure, a higher pressure 
was introduced. The rates of reaction of the CO 2 with the mixture 
as a function of time are presented graphically in Fig. 4 and indicate 
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Fig. 4. — Time of equilibrium between CO2 and a CaO-Clay-HaO system. Gaso- 
metric study. 

that equilibrium in all cases was established within 1 5 hours. These 
curves are shown only for the purpose of indicating rate of reaction. 

Two general methods, static and dynamic, were used for this study, 
each having advantages and disadvantages peculiar to the method. 

The gasometric system illustrated in Fig. 5 was used in the static 
niethod of study. The materials on which a study was made were put 
into the flask D, the total volume of which was about 75 cc. Since 
the flask was shaken vigorously (by a device not shown) during the 
reaction, it was necessary to have a suspension dilute enough to be 
agitated easily, but of small enough volume to stay in the bulb part 
when shaken. About 2 grams of clay and 30 cc of water were used. 
This proportion seems to have been about right. 

The technic in this study consisted in introducing the dry clay 
and some rough glass beads into the flask, then adding C02”free 
H2O and the freshly calcined CaO from a weighing vial, evacuating 
to remove air, closing the flask, and finally attaching it to the system. 
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By means of the stop cocks shown, any part of the system could be 
evacuated by the pump. The enlargement J contained a very small 
quantity of water for keeping the system filled with H2O vapor. 
With the flask still closed to the rest of the system, CO2 was intro- 
duced through the flasks marked A containing a CaC03-H20 mix- 
ture. This COo was brought to equilibrium at a pressure indicated 
by the manometer E. The flask was then opened to the system and 
the CO 2 allowed to react with the materials studied. The quantity 
of CO2 absorbed was measured by the gas buret F. After equilibrium 
was established at one pressure, the flask was closed and the pro- 
cedure repeated for a higher pressure. 

With such a method of study, very little analytical work is re- 
quired and the rate of reaction can be easily observed. As indicated 
above when equilibrium is established at one pressure, another 
pressure can be studied by doing nothing more than changing the 
pressure and making the required observations and calculations. 

Temperature control within narrow limits is necessary over a, rela- 
tively large system when this method is used, partially because of tdie 
temperature effect on reaction, but chiefly because of sharp changes 
in the vapor pressure of H2O at the temperatures used. This method 
was discontinued after several fairly satisfactory runs were nnade, 
because facilities for temperature control were not available. For 
measuring pressures of CO2 comparable to those commonly found in 
soils, another type of nianometer would be necessary. Since this 
system is subjected to rigorous strains for several days at reduced 
pressures, leaks can be very serious. Another possibility of error 
could be partial carbonation of the CaO in mixing the materials. 
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Despite these difficulties it is believed that this method won Id i.>ro\'e 
very satisfactory for studying this problem. 

The dynamic method differed from that proposed by Bradfudd 
and Allison only in the composition of the gas used. With this metliod 
very low CO2 pressures can be used, pH studies can be nn^dc witJi 
ease, and a number of replications can be set up. CaCO-, or CafCHi)^ 
may be used as the source of Ca, but since the time of reaction is sr> 
great where CaCOs is used, either Ca(OH)2 or CaO would be ])nd~ 
erable. The greatest disadvantages of this method arc the difticulticj; 
in maintaining gas mixtures of constant composition, the time- 
consuming analytical work, and the fact that a sample of clay caii 
be used only at one CO2 pressure. 

Fig. 6 illustrates one type of apparatus used in this study, I’lit 
flowmeters G and D, the mercury CvScape valves A and B, and thie 
mixing chamber E were used for giving a constant mixture of CX).: 



and air winch |)ass through F, containing water at the tempc'ralui’e 
of the water bath K. Flasks G, H, I, and J are ordinary \ 2o<x: 
separatory funnels with the delivery tulxxs turned up for coniKH'ting 
to the gas line. Flasks G contained the clay-Ca(OH)2 mixture 
while flasks H contained an equal amount of Ca(OH)2 but no clay and 
served as blanks. Flask I contained a small amount of CafOll). for 
pH studies, while flask J contained NaOH for pH determination; 
from which the CO2 content of the gas mixtures were calculated 
according to the method of Wilson and associates (12). 

The clay-Ca(OH)2 system was treated as follows: Approximately 
, 2 grams of the dry clay and 75, cc of Ca(OH)2 of known normality 

■ , were introduced with several glass beads into the reaction flasks, 
which were then closed by means of rubber stoppers and weighed. 
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Air wn.s bubbled through for 2 hours in order to mix the materials 
comidetely. The glass beads broke up the clay particles during this 
treatment, after which the system was carbonated with pure CO2 for 
5 minutes followed by an overnight bubbling with the desired CO2- 
air mixture. After about 12 hours pH determinations were made on 
the system by means of a glass electrode and a Leeds and Nor thrup 
type K potentiometer using a Lindeman quadrant electrometer as a 
nulbpoint instrument. Accuracy greater than i mv. was not at- 
tempted. The temperature of the reaction bath was 30° Cdr.id. 
Three pH determinations were made over a period of 3 hours and 
wlicn no change was observed equilibrium w^as considered to have 
l:)een reached. A small amount of Ca(0H)2 in flask I received the treat- 
ment above. After equilibrium had been established in the systems, 
the flavsks G and H were closed, reweighed, and analyzed for total 
COo according to the method of Schollenberger (9). Just before the 
analysis was made, enough COo-free water to fill the flask was intro- 
duced from the bottom. This eliminated the necessity of including 
the CO2 above the equilibrated suspension in the analysis. The water 
was very carefully introduced, requiring about i minute, and seems 
to have done nothing more than effect a displacement of the gas, 
though it is possible that some small quantity of CO2 in solution was 

lOvSt. ■ : y . , ^ , 

The data obtained by these studies are summarized in Table 1 
and Fig. 7. The amount of Ca absorbed by the clay was obtained by 
subtracting the amount of CO2 observed from the total calculated 
amount based on CO2 absorption in water and the solubility of 



Fig. 7 — Effert of CCh pressure on calcium absorbed by colloidal clay as de- 
termined by dynamic study. 
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Ca(HC03)2, with the assumptions already mentioned that the 
Ca(HC08)2 solubility would not be affected by the day. Since, how- 
ever, the pH of the clay system was_ invariably higher than the pure 
carbonate system, a second calculation might be made of the bicar- 
bonate solubility from pH values of the clay system using the mass 
action equations, or modifications of them, as follows: 

[ H-][HCO.r] _T-:. 

[H2C03] ' 

aPc02 


H2C03 


and [HC03"1 = 


22.267 

KiXaXPco o 

[H^]X22.267 


3 


Such a treatment of the data is not justified until further study is 
made of this system. 

In Table i are shown the values obtained by this study. From these 
data it is seen that the pH values observed in the clay systems were 
consistently higher than that of the pure CaCOa system at the same 
CO 2 pressure. It is probable that the actual differences between the 
pH values of the two systems are partially obscured by the experi- 
mental error in determining the values and that the actual differences 
would be some definite function of the CO2 pressure. There is shown 
a very close agreement between the observed and calculated pH 
values of the pure CaCOs systems, differences in all cases being reason- 
ably within the limits of experimental error of the glass electrode 
apparatus. A study of these pH values, possible through this method 
of study, would furnish much needed information about clay-CaCOa- 
CO2-H2O systems that would explain many controversial questions. 

Table i. — The effect of CO 2 pressure on pH and bicarbonate solubility in 
Clay- CaCOyllzO and CaC 0 rH 20 systems. 


CO., 

pressure 

(atmos- 

pheres) 

(P'*cod 

(atmos- 

]-)heres) 

pH 

Clay 
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pH 
clay 
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minus ' 
pH 

CaC03 1 
system 

■ .Ob- 
served I 
pH 

CaCO, 

system 

Calcu- 

lated 

pH 

CaCO^ 
sys- , 
tern* ' 

Calcu- 
, lated 
pH 
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ob- ■ 
served 
pH 

CaCO., 
system , 

HC03 
molal- 
ity 
mml / 
kilo 
H.Ot 

■■ -1 

M.E. 
Ca ab- 
sorbed 
per 100 
grams 
day 

V.., I ■ ' 

2 . 

3 

4 

5 

6 

7 

8 1 

9 

0.00033 

0.069 ' 

8.57 

0.15 

8.42 

8-37 

“O.05 

0.97 * 

71.3 

0.00295 

0.144 

7-97 

0.31 

7.66 

7.76 

O.IO 

2 . 1 $ 

62.4 

0.00467 

0.167 

7.87 

0.33 

7*54 

7.61 

0.07 

2.42 

59-2 

0.00999 

0.215 

7.67 

0.35 

7-32 

7.38 

0.06 

3-m 

49.7 

0.02130 

0.277 

7-57 

0.36 

7.21 

7.16 

“O.05 

4*05 

43.0 

0.03010 

0.31 1 

7.28 

0.21 

7.07 

7 06 

“0.0 1 

4-52 

37.9 

0.05000 

0.368 

7.19 

0.28 

6.91 

6.92 

0.0 1 

542 

26.4 
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The quantity of calcium absorbed by the clay is plotted as a func- 
tion of the cube root of the CO2 pressure in Fig. 7, and is shown to be 
indirectly proportional to the pressure so expressed. The decrease in 
calcium absorption as the CO2 pressure is increased could be predicted 
from a study of Fig. 2 which shows that the relative H-ion concen- 
tration increases much more rapidly than does the Ca-ion concen- 
tration as the CO2 pressure is increased within the ranges studied. 

The data presented are an average of three determinations at most 
of the designated pressures. Many early studies were so inconsistent 
as to seem almost valueless at the time. Later studies indicated that 
equilibrium was probably never reached in some of these earlier 
studies. Constant pressure of gas w’-as difficult to maintain. Prepared 
gas mixtures at definite CO 2 pressures would eliminate this possi- 
bility of error. The chief cause of inconsistencies was found to be due 
to the almost irreversible drying of the colloidal clay. In some of the 
studies it was found that equilibrium was not reached even though 
the gas mixture was bubbled through for 48 to 60 hours, while in 
other cases and at the same pressure, equilibrium was apparently 
reached within 10 to 12 hours. It was found that the glass beads were 
not doing a complete job of breaking down the clay particles in those 
flasks which apparently did not reach equilibrium. Just as soon as the 
beads were violently agitated, which completely broke down the ag- 
gregates, equilibrium could be quickly established. This breaking 
down of the aggregates was often accomplished by passing through air 
or carbon dioxide at a rapid rate before the gas mixture was used. 
Difficulties with the almost irreversible drying of colloidal clay were 
also experienced by Baver and Scarseth (i) who reported an exchange 
capacity of 30 M.E. for dried Lufkin colloidal clay after it had been 
dried as compared with 82 M.E. (2) for the completely hydrated 
colloid. 

SUMMARY AND CONCLUSIONS 

In this study some of the problems in the reaction of calcium car- 
bonate and clay have been considered. Reference has been made to 
earlier work in which conditions of equilibrium in respect to carbon 
dioxide pressure, so vital in studies of this nature, have been over- 
looked. The absorption of Ca by a hydrogen colloidal clay from an 
excess quantity of CaCOsat different CO2 pressures has been proposed 
for clearing up some of the problems in the study of the clay-CaCOs 
system. Methods for these studies have been described. 

Equilibrium in the clay-CaC03-H20-C02 system can be established 
within 12 to 15 hours when Ca(OH)2 or CaO is used as a source of Ca. 

The pH values observed in CaC03“H20-C02 systems agree very 
well with the calculated values obtained by the use of accepted solu- 
bility values. The pH values of clay-CaC03-H20-C02 systems are 
higher than pH values of corresponding CaC03“H20-CO2 systems 
making improbable the earlier assumption that soil has no effect on 
the HC03"concentration. 

The CO 2 pressure does affect the absorption of calcium by a hydro- 
gen clay, increase in CO 2 pressure in CaC03“H20-C02 systems in- 
creases the relative concentration of H ions much more than it does 
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the Ca-ion concentration. This increase in H-ion concentration, 
coupled with its much greater specific absorbability, accounts for the 
decrease in Ca absorption as the CO2 pressure is increased. 

It is shown that over the lower CO2 pressures, tliis change in Ca 
absorption is a linear function of the cube root of the CO- pressure 
expressed in atmospheres. 

The small quantity of data presented does not warrant more specific 
conclusions, especially in view of many inconsistencies. Further study 
should be made to establish definitely or disprove the relations! lips 
suggested. 
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A STUDY OF HIGH AND LOW LEVELS OF SOIL FERTILITY 
RESPONSE TO TWO VARIETIES OF SUGAR' BEETS^ 

L. xA. Hurst, A. W, Skuderna, and C. W. Doxtator^ ■ ■ 

T he reactivit3^ of certain commercial varieties of sugar beets to 
var^dng levels of soil fertility has long been observed by trained 
investigators, sugar company fieldmen, and farmers engaged in grow- 
ing this crop, European beet seed firms engaged in the business of 
supplying the United States trade with beet seed, sought to meet the 
need by furnishing a choice of varieties listed as tonnage, intermediate 
and sugar types, designed to meet the varying needs of soil and cli- 
matic conditions of the areas where sugar beets are grown/'* More re- 
cently with the development of domestic varieties of sugar beets, 
either resistant to certain diseases or better adapted to certain areas — 
to the extent that more than 85% of domestic needs for beet seed is 
now supplied through home sources — the number of varieties has 
been reduced, making it necessary to develop a more adequate pro- 
gram of soil fertilization fitted to the variety or varieties found best 
for an}^ one area. 

To this end the present study, which is a forerunner of other studies 
that are to follow, was undertaken. The results presented herein are 
therefore to be considered in the nature of a progress report, 

EXPERIMENTAL PROCEDURE 

The soil type on which this study was conducted was classified as Rocky Ford 
fine sandy loam with a pH of 7.5. The field was broken out of alfalfa in 1935 and 
planted to barley in 1936 and to onions in 1937. In the fall of 1937 an 8-ton coating 
of cattle manure was applied per acre immediately prior to fall plowing. 

In the spring of 1938 the field was prepared for planting. Two domestic varieties 
of sugar beets were used, one being a ^^sugar” variety and the other a “tonnage" 
variet^y. Both, of these varieties were somewhat more uniform as to type than the 
European varieties used in previous tests. 

The commercial fertilizers used were 4-16-4, 4-16-0, 0-16-4, and 0-16-0, in 
comparison with the unfertilized check plats. The same amount of plant food 
per acre was applied from each mixture assuring thereby a comparison of equal 
amounts of plant food regardless of the difference in formula used. The rates of 
application for each fertilizer formula were 200, 400, and 600 pounds per acre of 
the equivalent of a 20% mixture, or 40, 80, and 120 pounds per acre, respectively, 
of total plant food. All the fertilizer was applied with the seed at time of planting. 

The plat arrangement was fully randomized and of such layout as to permit 
unbiased evaluation of interactions between varieties, treatments, and rates of 
fertilizer application. Each treatment was replicated seven fold, the plats being 

iThis study was conducted in cooperation with the Division of Soil Fertility 
Investigations, Bui'eau of Plant Industry, U. S. Dept, of Agriculture, and the 
i\merican Crvstal Sugar Co., Rocky Ford, Colorado. 

‘-Biochemist, Division of Soil Fertility Investigations and General Manager 
and Plant Breeder, respectively, American Beet Seed Company. 

=^Skuderna, a. W., et al. Evaluation of sugar beet types in certain sugar beet 
growing districts in the U. S, U, S. D. A. Circ, 476. 1938. 
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four rows wide and 65 feet long. The distance between rows was 2D inches. Two 
hundred ten plats were included in the study. 

The beets were thinned to a distance of 12 inches in the row and were grown to 
maturity under irrigation. The beets were harvested on a competitive basis and 
analyzed for sucrose by the usual cold water digestion method. The results in all 
cases represent an average of the seven replications. The data were analyzed by 
the variance method. 

RESULTS 

The results of this study are tabulated in Table i for the ^^sugar” 
variety and in Table 2 for the “tonnage” variety. The statistical 
tabulation is shown in Table 3. 


Table i. — Results from fertilizer treatment with a '\siigar" variety, 
Rocky Ford, IQSS, 


Formula 

Rate of application per acre 


200 lbs. 

400 lbs. 

600 lbs. 

Average 


Tons of Beets per Acre 


4-16-4 


12.752 

12.905 

13.237 

4-i6“0 

13-285 

12.088 

12.753 

12.709 

0-1 6”4 

I3-.372 

13.540 

12.536 

13.216 

0-16-0 

12.669 

12.958 

12.064 

12.564 

Average 

13-395 

12-835 

12.565 

. 12.932 

Check 

1 1 .909 

11-531 

11.942 

11.791 ■ 


Percentage Sucrose in the Beet 


, 4-16-4 

15.477 

15.468 

15.517 

15.487 

4-16-0 

15.627 

15.114 

■ 15.232 . 

15-324 

0-16-4 

15.329 

15.702 

15.355 

15-462 

0-16-0 

15.770 

15-535 

15.488 

15-598 

Average 

15-551 ‘ 

15-455 

1S-.398 

15-468 

Check 

15.325 

15.164 

15.303 

15.264 


Pounds Sugar per Acre Yield 


4-16-4 

i 4i350 1 

3i945 

4.005 

4,100 

4-16-0-. 

, 4d52 

3.654 

3,885 

3,897 

, o-i6™4 ■ 

i 4,161 . ■ - ! 

■■ 4.252 , , 

3.850 

4,088 

0—16—0 

3.996 

4,026 

3.737 I 

3.920 

Average. 

4.165 

3.969 

3.869 

4,001 

Check". 

i 3.650 

3.494 

3,655 

3.600 


DISCUSSION OF RESULTS 

From a study of results in Table 3 it is observed that there is a 
significant difference between the tonnage and sugar varieties in tons 
of beets per acre. The difference amounts to 1.94 tons in favor of the 
tonnage variety as compared to a required significance of 1.23 tons 
for an average of four treatments. In spite of some very definite 
trends, fertilizer response was not found to be significant. 

In percentage of sucrose there is a significant difference due to varie- 
ties. Despite the very definite trends of sucrose percentage values 
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Table 2. — Results from fertilizer treatment with a ''tonnage'' variety, 

Rocky Ford, 1938, 



Rate of application per acre 


Formula 

200 lbs. 

400 lbs. 

600 lbs. 

Average 


Tons of Beets per Acre 


4-16-4 

14-934 

15.755 

15-825 

15.505 

4-16-0 

13.706 

15.309 

15-516 

14.844 

0-16-4 

13-446 

14.160 

16.127 

14.578 

0-16-0 

15.591 

15.069 

15.34^ 

15.334 

Average 

14.419 

15.073 

15.702 

15.065 

Check 

13-546 

14.337 

13.303 

13.729 


Percentage Sucrose in the Beet 


4-16-4 1 

14-675 

15.205 

15.046 

14.975 

4-16-0 

14.953 

15.230 

15.204 

15.129 

0-16-4 

15.097 

14.816 

15.740 

15.218 

0-16-0 

15.214 

15.359 

15-843 

15.472 

Average 

14-985 

15.153 

15-458 

1 5.200 

Check ! 

14.805 

14.647 

15-045 

14.832 


Pounds Sugar per Acre Yield 


4-16-4 j 

4-383 

4.791 

4,762 

4 ,b 45 

4-16-0 1 

4,099 

4,663 

4,718 

4,493 

0-16-4 ' 

4,060 

4.196 

5.077 

4,444 

0-16-0 

4.744 

4.629 

4,861 

4 i 745 

Average 

4.322 

4.570 

4.855 

4,582 

Check 

4,011 

4,200 

4,003 

4.071 


(Tables i and 2) the calculated F value for rate of application does 
not reach the 5% point of significance. In compaiing the interaction 
of varieties and rates of application a significant difference of .57% 
sucrose is observed between the two varieties in the 200-pound rate. 
In the 400- and 6oo-pound rate no variety differences were observed. 

In the sugar per acre yields in the “sugar’" variety (Table i) no 
significant differences with different rates of application were observ- 
ed, although the general trend is downward. In the “tonnage” variety 
(Table 2) the trend is upward and does reach significant proportions. 
The 6oo“pound rate of application produced 533 pounds more sugar 
per acre when compared to the 200-pound rate application. No differ- 
ences between varieties were observed in the 200-pound rate of appli- 
cation, but in the 400- and 6oo-pound rates difihrences of 601 pounds 
and 986 pounds, respectively, were found as compared to the 367 
pounds required for significance. 

It must be observed that, although the calculated F values in Table 
3 are in many cases not significant and therefore observed differences 
lack significance, the difference in trend between varieties with differ- 
ent rates of fertilizer application are of great interest. The results 
obtained from these two varieties grown on low^ medium, and high 
levels of soil fertility indicate that the feeding ability of the variety 
may be an important consideration in a sugar beet breeding and im- 
provement program. 





652 JOURNAL OP THE AMERICAN SOCIETY OF AGRONOMY 


Table Variance of yield, sucrose percentage, and sugar production per acre 
for kind and rate of application applied to two varieties of sugar beets. 



Tons beets per acre 

Percentage sue- 

Pounds sugar 




rose 

per acre 

Variation due to 







Mean 

F 

Mean 

F 

Mean 

F 


squares 


squares 


squares 


Varieties 

229.795 

43-25t 

4785 

I3.25t 

16,757,320 

35-5 it 


Kinds of fertilizer. . . 

14.992 

2.82 

1.283 

3.55t 

1,823,385 

3.86t 

Rates of application 
Varieties X kinds of 

0.444 

0.08 

0.54 

0.98 

145,466 

0.31 

fertilizer 

■ 2.752 

0.52 

0.309 

0.86 

304.595 

0.65 

V arieties X rates of 

application 

12.588 

2.37 

1. 155 

3.20* 

1,842,490 

3.90* 


Kinds fertilizer X 




rate of application 
Varieties X kinds fer- 

1.164 

0.22 

0.271 

0-75 

114,872 

0.24 

tilizer X rate of ap- 
plication 

9-999 

1.88 

1.302 

3.6it 

1.315.149 

2.79t 

Rrrnr 

5.315 


0.361 


471,969 






Required for signifi- 






cant individual 

t.TTI Ml t 

i 

2.46 tons 


0.63% 


734 lbs. 


Required for aver- 
age of 4 treatments 




1.23 tons 

0.32% 

367 lbs. 





•■’'Significance beyond 5 % point. 
fSignilicance beyond 1% point. 


SUMMARY 

Two domestic varieties of sugar beets designated as a '‘sugar” and 
a “tonnage” variety were compared in their reaction to different 
fertilizers and to different rates of fertilizer application. It was found 
that with the ‘sugar’ variety 400 and 600 pounds per acre of fertilizer 
lowered performance insignificantly as compared with 200 pounds of 
fertilizer. With the ‘tonnage’ variety 400 and 600 pounds of fertilizer 
slightly increased yields, sugar percentage, and sugar per acre, al- 
though only the^ 6oo-pound application produced significant differ- 
ences. Attention is called to the need of determining whether a variety 
is a “stmng”^ or “weak” feeder so that a more adequate program of 
soil fertilization may be developed. 


AVAILABILITY OF SOIL MOISTURE, PARTICULARLY AS 
AFFECTED BY DEPTH, IN THE SOIL OF THE KENTUCKY. ■ 
EXPERIMENT STATION FARM AT LEXINGTON^ 

P. E. Karraker and C. E. Bortner- 

I N Bulletin 272 of the Kentucky Agricultural Experiment Station, 
data are given showing that in many years lack of moisture pre- 
vents corn yields on the Experiment Station farm from reaching the 
level made possible by the fertility of the soil and that the reason for 
this is the poor distribution of rainfall during the growing season. 
Obviously this moisture limit to crop yields also is affected by the 
extent to which crops can utilize water held in the soil at different 
depths. 

The general belief probably is that most crops obtain water from the 
first 5 to 6 feet of soil mainly by penetration of roots into the deeper 
layers, capillary movement no longer being thought of much im- 
portance in this connection. The basis for believing that crops root 
effectively at 4 to 5 feet, as pointed out by other writers^ is the 
result of extensive studies of root development made by Weaver and 
co-workers in soils of the subhumid section of the United States where, 
because of the open nature of the subsoil, it is to be expected that 
crops would root deeper than in most soils in the eastern part of the 
country. 

By considering the amount of water the soil on the Experiment 
Station farm will hold in relation to the crop requirement, it is appar- 
ent either that the crop can use water only from a comparatively 
shallow surface layer or that most of the water in the soil is held so 
firmly that crops cannot get it. Assuming the capacity of the soil of 
the surface foot to hold and deliver water to the crop to be 20% of 
its dry weight (maximum field capacity, about 30%), the surface 
foot layer (weight per acre, 4,000,000 pounds) would furnish water 
equal to approximately 2.6 surface inches. Seemingly it should be able 
to deliver 2 inches of this amount sufficiently rapidly so that the crop 
would suffer ver}^ little for water during the time this is being used. 
Since during the period of greatest use by the corn crop probably not 
over I inch of water is being removed from the soil per week, the sur- 
face foot alone should, furnish the crop with enough water for almost 
2 weeks, which is approximately the length of time the corn crop at 
this state of growth will go without injury in fair weather. 

The soil used for the agronomy work is Maury silt loam. The surface 
soil works as a mellow silt loam and the subsoil is friable and well 
drained. Limestone rock is reached at from 6 to 10 feet, openings into 

^■The investigation reported in this paper is in connection with a project of the 
Kentucky Agricultural Experiment Station, Lexington, Ky., and is pulDlished by 
permission of the Director. Received for publication March 31, 1939. 
"Agronomist in Soil Technology and Assistant Agronomist, respectively. 
'Tarris, Nolan F. Root habits of certain crops as observed in the humid soils 
of New Jersey. Soil Sci., 38:87-111.. 1934. 

SpraguEj Howard B. Root development of perennial grasses and its relation 
to soil conditions. Soil Sci., 36:189-209. 1933. 
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which facilitate good drainage; however, the entire profile is high in 
clay. Mechanical analyses were made of samples from a profile in the 
county in connection with the soil survey of Fayette County, Ken- 
tucky (Bureau of Chemistry and Soils, Series 1931, No. 25). The plow 


Table i.— Rainfall at Lexington, Ky., January i to August 31, mches. 



Weather 

1936 

50-year 

Month 

Bureau, 



average 


1930 

Weather Bureau 

Gauge on farm 

to 1932 

January. 

4.44 

4.00 

2.88 

4.10 

February. 

2.91 

2.07 

1.68 

3.06 

March 

2.54 

4*43 

4.46 

4*34 

April I.... 

0.28 

0.37 

0.10 


2. 

0.06 

0.05 

0.29 


3 

0.05 

0.03 

— 


4 - • 

— 

0.02 

— 


5 

O.IO 

2.15 

— 


6.. 

O.I I 

0.22 

2.39 


9 

— 

1.34 

0.55 


10 

— 

0.15 

0.82 


II 

— 

0.33 

0.15 


12 

, 

O.OI 

0.39 


15 

i 

0.05 

— 


16 

O.OI 

— 

0.06 


17 

0.06 

— 

— 


20 

O.OI 

— 

— 


, 21 1 

O.OI 

0,43 

, 


22 

— 

— 

0.47 


28 

0.02 

1 0.34 

— 


29- 

i 0.15 

i 0.27 

0*55 


30 

— 

— 

0*35 


April, total 

0.81 

.5.76 

6.12 

3*37 

May I 

— 

0.07 

■ 


2 

, . 

— 

0.15 


10 

0.02 

0.03 

— 


II . 

0.85 

0.06 

— 


13 

0.51 

0.92 

0.98 


H 

— 

— 

0,16 


17 

0.95 

O.OI 

, 


18 

0.43 

0.36 

— 


19 

0.45 

O.OI 

0.47 


23 

0.08 

■ 

, 


29 

0.06 

— 

— 


May, total 

3*35 

1.46 

■1,76 ■ 

3*49 

June 6 

0.88 



1 ' ' ' 


7 .* 

— 

1.06 

0.58 


8 

— 

0.01 

0.50 


II 

— 

0.04 

1 " . ■„ — ■ 


16 

0.18 

. ■ — ^ 

— 


17 

0.26 

• — ■■ .. 

— 


20 

0.07 

- — ■ . ■ 

— 


24 

0.50 

■ — 

— 


30 

— 

0.07 



June, total. 

1.89 

1. 18 

1.08 

3*95 


KARRAKER AND BORTNER: SOIL MOISTURE 


65 S 


Table i. — Concluded. 


Month 

Weather 

Bureau, 

1930 

1936 

50-ye.ar , 
average 
to 1932 

Weather Bureau 

Gauge on farm 


0.05 

0.21 

0,03 

O.II 

0-05 

0.08 

O.OI 

0.02 

0.50 

0.04 

0.32 

0.56 

0.02 

c -33 

0.79 

0.07 

0.01 



2 ... 

0.13 

TO 


T T 


12 

13 

!•+ 

15 

16. ... 

18.. 

24 

25 

26 

28 

0.54 

1. 01 

0.48 

0.98 

Julv, total 

0-45 

2.85 

3-14 

3*94 

August 4 

— 

0.01 

- — 


5 

0.06 

0.03 

O.II 


6 

0.06 

0.42 

0.25 


7 

0.19 

— 

0.29 


8 

0.12 

— — 

— 


9 

0.07 

1 

■ — ■ 


10 

0.07 

0.01 

— 


13 

0.02 

0.02 

— 


H 

0.81 

— 

— 


21 '. . 

0.06 

0.16 

- — 


22 

0,06 

0.03 

— . 


23 

0.17 

■■ 



27 . 

— 

0.52 

— 


28 

— 

— 

0-55 


29 

— 

0.06 

— 


30 

' — 

— 

0.06 


August, total. . . . . 

1.69 

1.26 

1.26 

340 

Total for 8 months 

18.08 

23.01 

22.38 

29.65 


layer contained 37.9% clay (<.005 mm) and the 34- to 66“inch layer 
62.2% clay. As a measure of humus content, the acre plow layer on 
the farm contains 3,000 to 3,500 pounds of nitrogen. 

The 1930 growing season was very dry in Kentucky and summer 
crops were almost an entire failure. The 1936 growing season was also 
quite dry and summer crops were greatly injured. Precipitation at 
Lexington from January i to August 31 in these years and on the 
average is shown in Table i. 

The 1930 data were taken from the records of the Weather Bureau 
station about i mile away and hence may have been somewhat 
different from the rainfall on the farm. In 1936, data also were ob- 
tained from a gauge on the farm near the areas sampled. 

In both these years, the soil on the Experiment Station farm in 
different cropping areas was sampled by layers and moisture and 
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nitrate determined in each. In 1930 the samples were taken the first 
of August and in 1936 the last of July (23rd and 24th). The results 
are reported in Tables 2 and 3. 

In 1930 the samples in the scraped area and under the bluegrass- 
white clover sod were composites of five cores; under the corn, of two 
cores; and under the alfalfa, of four cores. In 1936 all samples were 
composites of four cores and sampling was done to rock. 


Table 2.— -Total water and nitrate nitrogen at different depths hi the soil of^ the 
Kentucky Experiment Station farm from August i, igjo, based on sotl dried 

at ios°C. 


Depth 

sampled 

1 No crop since 1923, 

kept scraped bare 

Continuous bluegrass and 
white clover since 1923 

Water, 

% 

Nitrate nitro- 
gen, ppm 

Water, 

% 

Nitrate nitro- 
gen, ppm 

0“3 in 

m.55 

8-5 

‘ 3.97 

2.5 

3-1 2 in ....... . 

14.58 

6 

5.8.1 

2-5 

1-2 ft 

i 8-54 

5 

9.62 

Trace 

2~3 ft. . i 

22.25 

4 

16.49 

0 

3-4 ft. 

23.67 

6 

25.68 

0 

4 -~ 5 ft 1 

26.60 

8 

3149 

I 

5 “ 6 fi i 

31.26 

12 

33-09 

0 


Depth 

sampled 

Corn sample taken 6 
ins. from hills; rota- 
tion corn, wheat, 
sod crop 

Corn sample taken 
where diagonals be- 
tween adjoining 

1 hills cross 

Alfalfa 

' second year 

Water, 

% 

Nitrate 

nitrogen, 

ppm 

Water, 

% 

Nitrate 

nitrogen, 

ppm 

Water, 

% 

1 Nitrate 

1 nitrogen, 
ppm 

0“7 in. ...... . 

6.86 

32 

7-65 

44-5 

7-36 

13.5 

7-12 in 

9-53 

3 

9.97 

4 

6.96 

4 

I2~'I8 in 

1 1. 00 

3 

11.43 

1-5 



1 8-24 in 

15.06 

1-5 

18.83 

1-5 

II. 13 

Trace 

2-3 ft 

20.24 

1.5 

21.02 

2 

20.22 

Trace 

3-4 ft 

25.81 

1-5 

25.01 

2.5 1 

24-35 

Trace 

4-5 ft 

30-57 

2 , ! 

28.99 

I ' 

28.60 

Trace 

5-6 ft.,,,.'. . , ... . 

3 . 3-66 

2.5 

34-03 

3-5 

31-73 

Trace 


Other determinations of total water in the soil on the Experiment 
Station farm, made in connection with various studies, show that the 
maximum field capacity of the soil of the plow layer is about 30%, 
of the remainder of the surface foot 2 or 3% less, probably because of 
a lower humus content, and below the surface foot 28 to 30% again, 
increased clay content here offsetting decreased humus. The hygro- 
scopic coefficient determined over water in one sample each of the 
plow layer and the 24- to 30-inch layer is 7.12% and 14.24%, respec- 
tively. 

In general the data (Tables 2 and 3) are similar for the two years. 
In both years, below 4 to 5 feet the soil contains approximately its 
maximum field capacity and above this, in most areas, there is a 
gradual decrease to 20 to 22% in the 2- to 3-foot depth, the decrease 
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being nearly the same in the uncropped and cropped areas. There is a 
further decrease in the top 2 feet. Excepting the samples taken from 
midway between corn hills in 1936, this is considerably greater in the 
cropped areas than in the uncropped areas. This indicates that in 


Table Total water and nitrate nitrogen at different depths iri the soil of the 
Kentucky Experiment Station farm the last of July, 1936, based on soil dried at 

I05°C. 


Depth 

sampled 


Fallow, in various sod crops 
for several years previous 


Water, 


Nitrate nitro- 
gen, ppm 


Bluegrass- white clover 
since 1927 


Water, 
% ' 


Nitrate nitro- 
gen, ppm 


o~7 ins. . 
7“ 1 2 ins. 

1- 2 ft. . . 

2- 3 f t . . . 

3- 4 ft. . . 

4- 5 ft. . . 

5- 6 ft. . . 
6”7 f t . . . 

7- 8 ft. . . 

8- 9 ft. . . 


12.35 

15.20 

17.92 

20.48 

21.95 

22.24 

21.80* 

27.22 

28.53 

29.03 


!.05 


2.5 

3 

3 

2.5 

3-5 

2.5 

1.5 


12.35 

10.86 

13-63 

19-47 

22.85 

24-85 

28.86 
30.20 
30.89 
28.70 


8 

3 

Trace 

None 

None 

None 

None 

None 

None ' 

None 


^ 

Depth 1 

sampled 

Corn sample taken 8 
ins. from hills; rota- 
tion corn, wheat, 
sod crop 

Corn sample taken 
where diagonals be- 
tW'Cen adjoining 
hills cross 

Alfalfa 
third year 

Water, 

% 

Nitrate 

nitrogen, 

ppm 

Water, 

% 

Nitrate 

nitrogen, 

ppm 

Water, 

% 

Nitrate 

nitrogen, 

ppm 

0-7 ins 

9.64 

32 i 

18.76 

i 20.5 

10.13 

15 

7-12 ins 

11.60 

7.5 

15.07 

6 

11.35 

4 

1-2 ft 

15.30 

I 

18.06 

2 

13.76 

1.5 

2-3 ft 

21.50 

2.5 

22.69 

Trace 

18.06 

Trace , 

3-4 ft 

23-76 

None 

23.60 

None 

24.53 

None, 

4-5 ft , . . . . 

25.00 

None 

25.47 

:None 

28-53 

None . . 

5-6 ft 

27.87 

None 

28.04 

None 

26.58 

.None, , . , 

6-7 ft 

28.88 

None 

28.86 

None 

20.91 

None , „ 

7-8 ft' 

28.70 

None 

30.89 

None 

18.34 

Trace 

8-9 ft 

28.88 ^ 

None 

30.89 

None 

20 . 9 lt 

Trace 

9“io ft 

31.06 

Trace 

32-98 

None 

■ . , 

— 


(rock at 






loft 

9 Kft.) 


31-75 

Nonet 






(rock at 







loK ft-) 





*This figure appears to be out of line for some unknown reason. 

tConsiderable concretionary material was present in the bottom layers of the soil in this area 
which probably accounts for the lower percentages here. 

both years the crops took most of their water from the top 2 feet of 
soil. However, the sod crop took some water from the 2- to 3-foot 
depth in 1930 and a small amount from this depth in 1936, and the 
alfalfa took some from this depth in both years. It should be con- 
sidered that the crops no doubt reduced evaporation somewhat on 
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the cropped areas below that on the uncropped areas so that, even 
though there was no greater reduction in soil moisture below 2 feet 
in the cropped than in the uncropped areas, some water may have 
been obtained by the crop from tlxis depth. 

In connection with these field studies a quantity of soil was taken 
from the plow layer and also from the 24- to 30-inch layer and corn 
plants grown in these lots in )4-gallon, glazed earthernware jars to 
find out how much of the water in the soil was unavailable to the 
plants. The soils used for determination of hygroscopic coefficient 
reported above were from these lots. The subsoil was used in two con- 
ditions, viz., pulverized and in blocks. There were fom jars for the 
surface soil and for each of the subsoil conditions. Fifteen hundred 
grams of air-dry soil were used in each jar of the surface soil and 
pulverized subsoil. One block of the subsoil was used in each of these 
jars, the blocks varying in weight from 1,303 to 1,843 grams. After 
the soil was placed in the jars, water equal to 25% of the weight of 
soil and i gram of KNO3 per jar were added. Because of the high phos- 
phorus content of the soil no phosphate was added. To check on even- 
ness of distribution of nitrate through the blocks, and because any 
unevenness might affect root distribution, blocks were placed in two 
additional jars and nitrate added as above. After 7 days nitrate was 
determined in the outside ^^^'-inch layer and in the inside of the block 
from these jars. As an average of the two jars the nitrate in the out- 
side layer, stated as pounds of nitrate-nitrogen per 2 million pounds of 
dry soil was 185, and in the inside part, 19 1. 

Five grains of first generation hybrid corn were planted in each jar 
but in four of the jars only four plants grew. Fine gravel was filled in 
around the blocks of soil in the jars where the subsoil was not pulver- 
ized and placed as a mulch on all the jars. Later, sand was placed on 
top of this. During the first part of the experiment the jars were in 
the greenhouse ; later, to prevent temporary wilting during bright days 
and to obtain more even temperatures, the jars were moved to the 
northern exposure of a well-lighted room. The corn was planted 
March 6 , 1937, and the experiment terminated April 29. At this time 
all plants were dead in the jars containing the subsoil and all either 
had just died or were almost dead in the jars containing the surface 
soil. Most of the plants were living in all jars on April 12. The roots 
were mainly on the outside of the blocks of subsoil but were well dis- 
tributed through the soil in the other jars although they were some- 
what more numerous in the top than in the bottom half in most jars. 

Capillary and hygroscopic water were determined in the soil of the 
jars, the top and bottom halves being sampled separately. There was 
very little difference between the two halves. Averaging the four jars 
in each experimental condition, the total percentages of water wefe 
as follows, the percentage of the hygroscopic water (soil dried at 
105° C) also is shown. 

Total % Hygroscopic % 


12.0 

4.5 

23.1 

7-2 

24.0 

7.1 


Surface soil 

Subsoil, pulverized, 
Subsoil, in blocks. . 
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It will be noted that in both dry years the water in the surface foot 
under the crops was below the above surface soil percentage, except 
in 1938 midway between the hills of corn. Considering the 2- to 3~foot 
depth, it will be noted that in both the cropped and uncropped land, 
the amount in the field is below the subsoil percentage above and, as 
noted previously, there was no great difference between the cropped 
and uncropped areas in the amount of moisture present. How much 
of this reduced amount in the field is due to the crop and how much 
to evaporation cannot be said, although the effect of the crop on the 
layers under the surface seems to be much less than expected. 

Some observations of root development were made in both years. 
In 1930, 6 days after the soil was sampled for the moisture determi- 
nations, a trench was dug to a depth of 38 inches with a vertical face 
directly under a hill of corn in the area sampled and extending mid- 
way to the hill on either side. Most of the roots were in the plow layer. 
Only a few extended below 30 inches and very few below 38 inches 
and these were very small. Below the plow layer there was a gradual 
but fairly rapid decrease in roots with depth. When the sampling for 
moisture was done, the corn plants, two in each hill, averaged 6 feet 
high and i inch in diameter near the base. They were in tassel and 
many were silking. They showed serious drought injury. The crop, 
Boone County White, was planted May 5. Showers in May and the 
first of June made fair growth possible the first of the season. There 
was no yield of grain, however, on account of lack of rain in July and 
August. 

In 1936, at the time the soil was sampled for determination of 
moisture, observations were similarly made of root development in 
another plat of corn on the farm. While classified as Maury silt loam, 
the subsoil here is not as friable as in the areas sampled for moisture. 
The roots were mainly in the plow layer and decreased very rapidly 
below this to 10 inches and gradually below this. Few roots were ob- 
served below 24 inches and very few below 32 inches (the greatest 
depth of observation). The total moisture in samples of soil from 
locations 15 inches from hills (average of two locations) was deter- 
mined, The percentages found were o to 12 inches, 13.25; 12 to 24 
inches, 15.87; 24 to 36 inches, 18.90; and 36 to 42 inches, 21.21. The 
corn. Midland Yellow Dent, in the area sampled for determination 
of moisture (1936) was planted May 6. It yielded 22.9 bushels grain 
per acre. At the time of sampling the stalks averaged 55 inches high 
and to I inch in diameter at the base. There were two to three 
stalks per hill. In years of normal rainfall corn plants grow larger than 
the plants in these two dry years and hence probably have larger root 
systems; however, in both dry years the plants made fair growth up 
to tasseling time. 

In 1936 root development also was observed under an old bluegrass- 
white clover soil. Most of the roots were in the surface 4 inches of soil 
but were numerous to a depth of 10 inches and thereafter decreased 
rapidly to almost none below 24 inches. The percentage of total water 
found in a sample removed from the 24- to 26-inch depth was 21.50. 

In some casual observations not made in connection with these 
studies, it was observed that alfalfa roots penetrated 6 to 7 feet to 
rock in one area on the farm. 
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The data indicate rather clearly that the crops obtained no great 
amount of water below the 2 -foot soil depth. This can be attributed 
in whole or in part to the failure of the crops to root effectively below 
this depth. To a considerable extent it also could be attributed to the 
strong pull of the soil of the under layers for water because of the 
high clay content, as a consequence of which the amount of water in 
these layers between that apparently unavailable to the crop and the 
maximum field capacity of the soil is I'elatively small. Perhaps the 
failure of the crops to root more extensively in these layers is partly 
due to their inability to get more water from them. 

It was thought that distribution of nitrate (Tables 2 and 3) might 
give some additional information on moisture movement. For the 
most part it did not, but in 1930, in the scraped area, the decrease in 
nitrate content to the 2- to 3-foot depth and then an increase below 
this perhaps suggests that the 2- to 3 -foot depth was the lower limit 
of movement to the surface. In passing it may be noted that the un- 
favorable moisture condition did not reduce nitrate production as 
much as it did crop growth since nitrate was higher under the crops 
than is expected in normal years. 

It is not known how injury from lack of moisture to summer crops 
on the Maury silt loam compares with that on other soils in the state. 
Observations on the outlying experiment fields, however, indicate that 
there are considerable differences between soils in the state in this 
respect and that crops suffer from lack of rain as quickly on the 
Maury silt loam as on any other extensive type in the state. J. P. 
Freeman, superintendent of the outlying fields, has observed that on 
the Western Kentucky Substation at Princeton, com on soil derived 
mainly from shale and sandstone (probably Tilsit silt loam) is injured 
less by drought than on another part of the farm where the soil is 
derived mainly from limestone (probably Decatur silt loam). The 
limestone soil is better drained than the other, but the under layers 
are much higher in clay, being comparable with the Maury silt loam 
in this respect. Observations of root penetration have not been made 
at any of the outlying fields. 

SUMMARY 

^ Data are reported of the moisture in different layers of Maury 
silt loam soil on the Kentucky Experiment Station farm in variously 
cropped and uncropped land in the dry years of 1930 and 1936. 
Below 4 or 5 feet the soil contained approximately its maximum field 
capacity. Above this, moisture decreased towards the surface but 
below 2 to 3 feet no faster in the cropped than the uncropped areas. 
Above 2 to 3 feet the decrease was considerabty greater in the cropped 
than in the uncropped areas. This indicates that the crops obtained 
water chiefly from the top 2 to 3 feet. Observations of depth of root 
penetration showed that the crops did not root effectivel}^ below this 
depth. In pot experiments, 12% of water in the surface soil and 23 to 
24% in the subsoil was unavailable to corn plants so that even if 
crops rooted extensively in under soil layers, the amount of water 
obtained here would not be great. 
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TENTATIVE PROGRAM FOR THE ANNUAL MEETING OF : THE 

SOCIETY AT NEW ORLEANS 

A S a result of the “show of hands’" at the last annual banquet of 
L the Society, the Executive Committee has scheduled the next 
annual meeting at New Orleans, November 22, 23, and 24, with the 
Hotel Roosevelt as headquarters. Considerable progress has been 
made in making up the program. 

Inasmuch as the Society has not met in the South for a number of 
years, it seemed appropriate that the general program should be 
concerned with southern agriculture. Accordingly two eminent 
authorities have been invited to address the general session. Dean 
M. J. Funchess of Alabama, a past president of the Society, will 
speak on the subject “Agronomic Problems of the South”, and Mr. 
W. C. Lassetter of Tennessee, Editor of the Progressive Farmer, will 
speak on “The Social and Economic Problems of Southern Agri- 
culturists”. 

The main speaker at the annual banquet of the Soil Science Society 
of America will be Professor G. W. Robinson, University of North 
Wales. Plis subject will be announced later. 

In arranging the sectional programs for a group with so many com- 
mon and diverse interests as the agronomists, there is bound to occur 
some overlapping in subject matter. As far as the annual meeting^is 
concerned the division of the Society into a Crops Section and a Soils 
Section is largely for convenience in program building. Some sub- 
jects listed under the Crops Section are of almost equal interest to 
the soils group. The reverse is also undoubtedly true. For example, 
“Teaching and Extension”, listed under the present tentative crops 
program, is of equal interest to the soils group and might just as 
logically be listed under the Soils Section. Any member of the Society, 
regardless of whether he is primarily interested in soils or crops, is, of 
course, free to submit a research paper before either of the Sections 
of the Society by making the necessary arrangements with the re- 
spective chairmen, 

CROPS SECTION 

Dr. F. D. Keim, chairman of the Crops Section, has submitted the 
following tentative outline showing the various sessions which have 
been arranged and the names of the respective chairmen. 

SubvSection I: Breeding, Genetics, and Cytology. 

Chairman, H. H. Love, Cornell TJniversit^u 
Session A — Statistics. 

Chairman, Karl S. Quisenberry, Bureau of Plant Industry and Nebraska 
Agricultural Experiment Station. 

Session B — Cotton Breeding and Genetics. 

Chairman, H. B. Brown, Louisiana Agricultural College. 
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Session C— Corn Genetics. 

Chairman, R C. Mangelsdorf, Texas A. and M. College. 

Session D— Rice and Sugar Improvement. 

Chairman, Jenkin W. Jones, Bureau of Plant Industry. 

Subsection 11 : Physiology, Morphology (including Nutrition), and Taxonomy. 
Chairman, O. W. Dynes, University of Tennessee. 

Session A — Ecological Relations of Crop Plants. 

Chairman, F. D. Keim, University of Nebraska. 

Session B — Crop-Weather Relations. 

Chairman, H. H. Laude, Kansas State College. 

Session C— The Nutritive Value of Forage Plants Grown Under Various 
Conditions and for Different Classes of Livestock. 

Chairman, O. McConkey, Ontario Agricultural College. 

Session D-— Cotton Fertilizers and Diseases. 

Chairman, D. G. Sturkie, Alabama, Polytechnic Institute. 

Subsection III: All Other Phases. 

Chairman, F. D. Keim, University of Nebraska, 

Session A — Cotton Regional Variety Tests. 

Chairman Henrj^ W. Barre, Bureau of Plant Industry. 

1. Field results 3. Spinning tests 

2. Laboratory tests 4. Exhibits 

Session B — The Coordinated Agronomic Program of the T. V. A. 

Chairman, T. B. Hutcheson, Virginia Polytechnic Institute. 

Session C — Teaching and Extension. 

Chairman, J. C. Lowry, Alabama College of Agriculture. 

Session D — Cotton Fibers and Ginning and Spinning Studies. 

Chairman, Ide P. Trotter, Texas A. and M. College. 

1. Work in Webb’s laboratory 

2. Stoneville’s ginning laboratory 

3. Discussion and demonstration of various cotton sorters. 

(a) Presley’s. (c) Johnson’s. 

(b) Hertei and Hancock. (d) Suter-Webb. 

Session E — Miscellaneous. 

Chairman, F, D. Keim, University of Nebraska. 

SOILS SECTION 

Dr. William A, Albrecht, chairman of the Soils Section, has sub- 
mitted a similar, although somewhat more condensed, program for the 
Soil Science Society of America. 

Section I— Soil Physics. Miscellaneous Papers. 

Chairman, G. B. Bodman, University of California. 

Section II — Soil Chemistry. Miscellaneous Papers. 

Chairman, J. W. Tidmore, Alabama Polytechnic Institute. 

Section III — No program will be held at New Orleans in consequence of the 
program at New Brunswick in connection with the International Con- 
gress of Microbiology, 

Chairman, A. W. Hofer, New York Agricultural Experiment Station. 
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Section IV — Soil Fertility. Joint Session with Crops Section. 

Subject: Cotton Diseases and Fertilization. 

Symposium: The Effects of Boron in Agriculture. 

Chairman, J. J. Skinner, Bureau of Plant Industry. 

Section V— New Developments in Soil Mapping. Forest Soils Program. Miscel- 
laneous Papers. 

Chairman, S. S. Obenshain, Virginia Polytechnic Institute. 

Section VI — Changes in Soils in Consequence of (i) Irrigation, (2) Drainage, 
(3) Erosion, and (4) Cultivation and Fertilization. Miscellaneous Papers. 

Chairman, W. L. Powers, Oregon State Agricultural College. 

The program of the general meeting of the Soil Science Society of 
America will consist of six papers, one contributed by each of the 
respective sections of the Society. 

The respective chairmen of the Soils Section desire to extend their 
call for papers and bring to attention the date of September 15 as the 
final date for submission of titles and abstracts. Detailed information 
on program regulations governing papers presented before the Soil 
Science Society appear on page 360 of the 1938 Proceedings. 

REGISTRATION FEE 

A nominal registration fee will be charged for the first time at the 
New Orleans meeting to help defray expenses incurred in connection 
with the annual meeting. Entrance to the technical sessions of the 
American Society of Agronomy and of the Soil Science Society will be 
open only to registered individuals. 

MEETING OF WESTERN BRANCH OF SOCIETY 

T he twenty-third annual meeting of the M^estern Branch of the 
American Society of Agronomy was held at Davis and Berkeley, 
Calif., June 6 to 8. The entire day of June 6 at Davis was devoted to 
field trips. Wednesday and Thursday, June 7 and 8, at Berkeley 
were devoted to the presentation of the following papers : 

Inheritance of resistance to mildew in barley in the cross Duplex X Atlas. E. H. 

Stanford, University of California. 

Production of sugar beet seed. H, E. Finnell, Oregon State College. 

The effect of differences in soil moisture on the yield and quality of alfalfa seed. 
Ian A. Briggs, University of Arizona. 

The effect of frost and scald on the germination of barle3'. Dr. D. D. Hill, Oregon 
State College. 

Recent developments in our weed research program. Dr. R. J. Evans, Utah 
State Agricultural College. 

Determining by plant response the retention of nutrient ions by soils. Dr. John P. 
Conrad , U niversity of Galif ornia. 

Sulfofication of soil organic matter and microbiological competition with plants 
for sulphates. Frank G. Viets and John P. Conrad, University of California. 
The role of straw in erosion control. G. R. McDole, Pacific Northwest Region, 
Soil Conservation Service, U.S.D.A. 


664 JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 

Some observations on the relation of cnlturai practices and the addition of certain 
carbohydrate materials to the nitrate-supplying power of peat soils. Dr. R. A. 
Pendleton, Assistant Soil Technologist, Bureau of Plant Industry, dJ.S.D. A. 
Early agricultural history in California as revealed by adobe bricks. Geo. W, 
Hendry, University of California. 

Cooperative research between research specialists and the Extension Division in 
California. Burle J. Jones, University of California. 

Some distinctive features of the seed certification program in California. Frank G. 
Parsons, University of California. 

The business meeting was held on board a river steamer while 
enroute overnight from Sacramento to San Francisco. Dr. R. J. 
Evans of Utah, president of the Western Branch, was taken ill on his 
way to the meetings and could not attend. Officers elected for the 
coming year are G. R. Hyslop, Oregon State College, president; and 
D. C. Tingey, Utah Agricultural College, secretary. The 1940 meet- 
ing will be held at Logan, Utah. — Coit A. Suneson, Secretary, 

NEWS ITEMS 

G. N. Hopper, Midwest Manager of the American Potash In- 
stitute, was given the honorary degree of Doctor of Science by 
Purdue University on June ii. Doctor Holler was a member of the 
Purdue staff for twenty years prior to entering the service of the 
Institute. 

According to Science, Dr. S. A. Waksman, microbiologist at the 
New Jersey Experiment Station, has been elected a foreign member 
of the Royal Swedish Academy of Agriculture. 
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THE EFFECT OF OXIDATION-REDUCTION POTENTIAL 
ON PLANT GROWTH^ 

N. J. VOLK^ 

A STUDY of the literature reveals that considerable controversy 
exists as regards the effect of soil Eh on plant growth. Bradfield 
and his co-workers (i)^ found that the productiveness of apple trees 
in New York State was related to the Eh of the soils, but Stephenson 
and his associates (4) concluded that no such relation existed in 
Oregon. Sturgis (5), working with rice in Louisiana, discovered a 
close relationship between active organic matter and reduction in 
water-logged soils, but could not use the resultant Eh values of soils 
to predict yields of rice. 

The Eh of arable Alabama soils fluctuated only about 40 to 80 
millivolts during an entire year (6), and it seemed highly desirable to 
determine whether or not such small changes would have an effect on 
plant growth. The purpose of this paper is to present data obtained 
from greenhouse studies regarding the effect of the Eh of a nutrient 
solution on plant growth when oxygen was not a limiting factor. 

METHOD OF INVESTIGATION 

In determining the effect of the Eh and only the Eh on plant growth, it is 
necessary to have all factors constant except Eh, and for this reason soils could 
not be used since factors other than Eh, such as available oxygen, could not be 
controlled. Quartz sand cultures, however, were found to be satisfactory. Nu- 
trient solution was run through the sand at such a rate that the growing plants 
did not appreciably change its Eh value during the entire growing period. No 
attempt was made to deprive the plants of oxygen. 

The composition of the base nutrient solution was prepared from salts as 
follows: . 

0.056 gram boric acid C. P, 

4.70 grams CaCl 2.2 H2O C. P. 

13.78 grams MgSO 4. 7H30 C. P. 

4*35 grams KH2PO4 C. P. 

6,45 grams NaN03 (commercial) 

0.034 gram MnS04.2H20 C. P. 

^Contribution from the Department of Agronomy and Soils, Alabama Agri- 
cultural Experiment Station, Auburn, Ala. Published with the approval of the 
Director. Received for publication March 30, 1939. 

‘■^Soil Chemist. 

^Reference by number is to -* Literature Cited”, p. 670. 
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This was made up to 20 liters and adjusted to pH 6.0 with H2SO4. 

To vary the Eh of the above nutrient solution it was necessary to add some- 
thing that would not alter its nutrient value. A great many organic compounds 
were tested for their toxicity to plants at various concentrations and for their 



Fig. I. The effect of hydroquinone on the Eh value of the nutrient solution. 


power to alter the Eh of the solution. Hydroquinone was found to be very suitable 
in small quantities. The range in Eh of 35 different batches of nutrient solution 
is shown in Table i and Fig. i. It is evident that the magnitude of the change in 
Eh decreases rapidly with increasing increments of hydroquinone up to 10 ppm, 
and that the decrease thereafter is moderately slow. 
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Table i.-—The Eh value of nutrient solution containing different amounts of 

hydroquinone. 


Eh of solution in millivolts at pH 6.0 



Test I 

Test 2 

1 

Test 3 

Test 4 

Test 5 

No hydroquinone 

521 

520 

526 

524 

524 

10 ppm hydroquinone 

354 

355 

357 

357 

356 

20 ppm hydroquinone 

336 

337 

341 1 

340 ? 

338 

40 ppm hydroquinone 

319 

324 

325 

319 

323 

80 ppm hydroquinone 

306 

307 

308 

307 

308 

1 60 ppm hvdroquinone 

294 

291 

291 

290 

291 

320 ppm hvdroquinone 

284 

281 

281 

287 

285 


Thirteen different crop plants were used in studying the effect of Eh on plant 
growth as follows: Sorghum, Sudan grass, corn, sunflower, cotton, tomatoes, 
vetch, string beans, cowpeas, so3^beans, crotalaria, alfalfa, and garden peas. 

The aim, during the growth of the plants, was to maintain three cultures at an 
Eh between 500 and 550 millivolts, which is about normal for most arable Ala- 
bama soils, and three cultures between 325 and 350 millivolts, which is 100 to 
150 millivolts below the lowest point reached by an arable Alabama soil tested 
during 1937 (6). Since the Eh of the base nutrient solution was about 525, one 
set of three cultures was kept between 500 and 550 millivolts simply by passing 
the nutrient solution through the sand cultures at a rate that would maintain a 
constant Eh. In the case of the cultures held at an Eh value below 350 millivolts, 
it was found necessary to start the seedlings with a nutrient solution containing 
only 15 ppm of hydroquinone (Eh between 330 and 350). When tests of the waste 
solution show^ed that the Eh. was being raised above 350 millivolts by the plants, 
either the speed with which the nutrient solution was passed through the sand was 
increased, or a little more hydroquinone was added. Because of the toxic effect, 
very few plants could stand more than 15 ppm of hydroquinone in the seedling 
stage or more than 60 to 70 ppm in later stages; hence in many cases several 
gallons of solution containing only a small amount of hydroquinone had to be run 
through the cultures daily to maintain a constant Eh below 350 millivolts. The 
quantity of nutrient solution passed through an individual culture was at no time 
less than 6 liters a day. 

To preclude the accumulation of salts in the sand, the cultures were flushed % 
daily with 2 liters of distilled water followed immediately by 2 liters of the par- 
ticular nutrient solution being used on that pot. This procedure caused the plants 
to be out of contact with the nutrient solution only about 5 minutes. The Eh of the 
waste nutrient solution escaping from the sand cultures w^as tested daily and aiw 
necessary adjustments made to maintain the desired Eh. All solutions were in 
equilibrium with the air at all times, thus oxygen was not a limiting factor in the 
growffh of the plants. By the above procedure it is believed that the plant roots 
were at all times bathed in a solution of desired Eh value and yet were supplied 
with all the necessary plant food elements including a supply of available oxygen. 


RESULTS AND DISCUSSIONS 

For the 13 crops tested, no detrimental effects w^ere observed when 
the Eh of the nutrient solution^ was lowered from about 525 milli- 
volts to about 325 millivolts (Figs. 2, 3, and 4 and Table 2). Since 
an Eh value of 325 is roughly 150 millivolts below the Eh reached by 
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any arable Alabama soil tested during 1937 (6), it appears quite 
probable that the small variations in oxid^tion-TQdnction potential 
observed in arable Alabama soils has little or no effect on plant 
growth. Of course, since potentials only as low as 325 were studied 
at this time, nothing can be said of the effect of the extremely low 
potentials reported by Peech and Boynton (2). The fact that a redox 
potential of 325 has not affected the plants tested does not in any 
sense infer that changes in factors closely associated with it, such as 


Fig. 3, — Soybeans grown in pots i and 3 at an Eh between 500 and 550 milli> 
volts and in pot 2 at an Eh between 325 and 350 millivolts, all at pH 6.0. 




Dry weight of plants in grams 


Plants grown in nutrient solution 


Nutrient solution 
Eh 525 


Nutrient solution 
Eh 325 to 350 


Total dry weight of plants 


Sudan grass . 
Sorghum. . . 
Sunflower . . 
Corn. . ... . 

Cotton 

Alfalfa 

Garden peas 
Crotalaria. . 
String beans 
Soybeans. . . 
Cowpeas. . . 

V etch 

Tomatoes. . 
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Fig. 4. — Tomatoes grown in pots i and 3 at an Eh between 500 and 550 milli- 
volts and in pot 2 at an Eh between 325 and 350 millivolts, all at pH 6.0. 


the lack of available oxygen, reduction, oxidation, toxic substances, 
etc., will not affect plants. The work of Peech and Boynton (2) and 
of Bradfield, Batjer, and Oskamp (i) certainly indicates that some 
factor is affecting plant growth in water-logged soils, but whether 


Table 2. — Amounts of plant material produced at different Eh values m constant 
flow nutrient solution in sand cultures. 
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or not it is strictly the Eh remains to be proved in the case of ex- 
tremely low potentials. The work of Schreiner and Sullivan (3) indi- 
cates that soil oxygen may play an important part. 

Single isolated soil Eh values reveal very little regarding the state 
of oxidation or reduction in a particular soil under field conditions. 
When the Eh value is obtained it is known that a particular soil at 
the time of testing had a certain Eh value, but an interpretation can- 
not be made within narrow limits as regards the state of oxidation or 
reduction of that soil as compared with some other soil since the kinds, 
relative amounts, and states of oxidation of the ions causing the re- 
sultant potentials are not known. A series of determinations, however, 
obtained over a period of time on a given soil would be more revealing 
as regards the state of oxidation or reduction (6). 

CONCLUSIONS 

A study was undertaken for the purpose of determining the effect 
of oxidation-reduction potential, within certain limits, on plant 
growth when oxygen was not a limiting factor. Thirteen different 
crops were tested using sand cultures and constant flow nutrient 
solutions of different Eh values but of constant nutrient value and in 
equilibrium with the air. No attempt was made to study changes in 
the state of oxidation or reduction, or other changes that might 
accompany changes of Eh in soils. In all tests it is believed that Eh 
was the only variable present. 

The results show that for the plants tested, a change in Eh from 
about 525 millivolts to about 325 millivolts did not affect plant 
growth. An Eh of 325 millivolts is approximately 100 to 150 milli- 
volts below the lowest Eh reached by 48 arable Alabama soils tested 
throughout the year 1937. 

Oxidation-reduction potentials below 325 millivolts have not been 
studied by the method described herein. 
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EFFECT OF AVAILABLE PHOSPHORUS IN SOUTHERN SOILS 
UPON CROP YIELDS^ 

Clarence Dorman and Russell Coleman^ 

F inding a way to obtain maximum benefit from applied phos- 
phorus has become a major problem in agriculture. This problem 
is of particular importance to the South where many soils, although 
very low in dilute acid soluble phosphates, give little crop response 
when soluble phosphates are applied. Recent investigations (i, 2)^ 
have indicated that this lack of crop response is due to a rapid fixation 
of applied phosphorus into forms which are unavailable to plants. 
Ford (3) and others (5) have, found that calcium, iron, and aluminum 
are responsible for phosphorus being fixed into an insoluble foi'm. 

Phosphorus fixation varies greatly with different soils. Beater (i) 
found that the quantity of phosphorus fixed is roughly proportional 
to the amount of clay present. Scarseth and Tidmore (9) report large 
amounts of phosphorus fixed by soil colloids, and suggest that phos- 
phorus application should be based on the amount of colloids present. 
They found that an application of 2,000 pounds of superphosphate 
per acre to a soil with 60% colloid material was equivalent to 300 
pounds applied to a soil with 9% colloidal material. 

The work of Heck (5) indicates that phosphorus is fixed much more 
rapidly in some soils than in others; therefore, it seems evident that 
no general recommendations may be made for phosphorus fertiliza- 
tion. Each soil presents its particular problems and should be treated 
according to its specific needs. Some southern soils show a definite 
response to phosphorus while others show very little. Can the phos- 
phate-deficient soils receive enough available phosphorus from light 
applications, or do they require heavy applications for maximum 
crop response? Evidently the answer to this question depends upon 
several factors, namely, the crop grown, the climate, and the nature 
of the soil. It is the purpose of this study to determine the phosphate 
requirements of several important southern soils and to suggest a 
method for recommending phosphate applications. 

EXPERIMENTAL PROCEDURE 

Both greenhouse and field studies were made on several soil types varying 
greatly in physical and chemical properties and representing a large number of 
southern soils. 

Greenhouse Study , — Representative samples from the A horizon of Ruston, 
Orangeburg, and Susquehanna fine sandy loams were used. Four different samples 
of each soil type, taken from 12 widely separated areas, were removed to the 
greenhouse, and weighed into 3-gallon pots. The top 3 inches of the soil were re- 
moved, and after the fertilizer had been distributed evenly, the soil w^as replaced 

^Contribution from the Agronomy Department, Mississippi Agricultural 
Experiment Station, State College, Miss. Paper No. 15, New Series. Received 
for publication April 8, 1939. 

^Acting Director and Agronomist, and Assistant in Soils, respectively. 
^Figures in parenthesis refer to '‘Literature Cited’', p. 677. 
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in the pots, leaving the fertilizer 3 inches beneath the surface. Phosphorus was 
applied as mono-calcium phosphate, equivalent to 400 j 800, and 1,600 pounds of 
1 8% superphosphate. Nitrogen and potash were also applied in most treatments 
to eliminate them as variables. 

The soils in the pots were held at optimum moisture content for two weeks, 
and at the end of this period available phosphorus was determined by the Truog 
method (10). Equilibrium between the soil and phosphorus should have been 
reached within this time, because other investigations (7, 9) have shown that the 
reaction between a soluble phosphate and the soil is practically instantaneous. 

Two crops of sagrain (a grain sorghum) were used to measure crop response. 
The first crop was planted immediately after the available phosphorus w^as de- 
termined, and the second was planted in the same pots after the first crop was 
harvested. 

Field Study . — ^Soils obtained from a cotton test previoitsly conducted on 10 
different soils, representing eight soil types, were used as a basis for this study. 
The soils represented are Ruston fine sandy loam, Oktibbeha clay, Grenada silt 
loam, Savannah very fine sandy loam, Cahaba fine sandy loam, Olivier silt loam, 
Houston clay loam, and Trinity fine sandy loam. Samples were taken from two 
plats in each of the 10 soils, one of which had received 400 pounds of 4-8-4 and 
the other 400 pounds of 4-0-4 per acre for five years. About 20 small samples 
were taken from the top soil of each plat and after these were mixed thoroughly 
into one composite sample, available phosphorus was determined on each by the 
Truog method. The average cotton yields on the 4-8-4 and 4-0-4 plats were 
calculated and compared with the amount of available phosphorus present. 

RESULTS AND DISCUSSION 

EFFECT OP AVAILABLE P2O6 IN SOIL UPON YIELD OF SAGRAIN 

The data in Table i show the sagrain yields and available P2O5 in 
pots which had received different phosphate treatments. The un- 
treated pots show a great difference in the fertility of the same soil 
type taken from different locations, which makes it very difficult to 
compare the productivity of soil types. It is interesting to observe, 
however, that Susquehanna fine sandy loam, a very poor agricultural 
soil, yielded as much sagrain in the greenhouse as Ruston and 
Orangeburg fine sandy loams, two highly productive soils. 

Crop response to phosphorus was similar in 11 of the 12 soils studied 
in the greenhouse. All of the soils were originally low in available 
P2OB, none having over 6 ppm, and all except one gave an excellent 
response to phosphorus both when applied alone and when used with 
nitrogen and potash. Maximum response in almost every case was 
obtained when an equivalent of 400 pounds of superphosphate per 
acre was applied with 400 pounds of 4-0-4 fertilizer per acre, and 
hardly any additional response was obtained when equivalents of 
800 and 1,600 pounds of superphosphate per acre were applied with 
400 pounds of 4-0-4 per acre. 

The results on Susquehanna fine sandy loam (No. ii) show that an 
increase from 3 to 10 ppm of available P2O6 increased the sagrain yield 
from 13.9 to 28.9 grams, but a further increase in available P2OB 
failed to increase the yield. The soil containing 10 ppm available 
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Fertilizer treatment* 


Soil 

No. 

Observation 

400 

lbs. 

4-0-4 

400 

lbs. 

super- 

phos- 

phate 

and 

400 

lbs. 

4-0-4 

800 

lbs. 

super- 

phos- 

phate 

and 

400 

lbs. 

4-0-4 

1,600 

lbs. 

super- 

phos- 

phate 

and 

400 

lbs, 

4-0-4 

No 

ferti- 

lizer 

800 

lbs. 

super- 

phos- 

phate 


Susquehanna Fine Sandy Loar 

a 



II 

Dry weight in grams. . . 

13*9 

28.9 

24.1 

26.9 

12.6 

20.1 


Available PaOs in ppm 

3.0 

lO.O 

18.0 

42.0 


12 

Dry weight in grams. . . 

i 5'6 

254 

24.8 

25.6 

13.9 

20.2 


Available P2O5 in fjpm 

4.0 

lO.O 

19.0 

45-0 



13 

Dry weight in grams. . . 

9.4 

13.8 

14.7 

14*9 

6.6 

1 1.5 


Available P2O5 in ppm 

6.0 

17.0 

21.0 

42.0 



14 

Dry weight in grams. . . 

20.2 

244 

21.7 

20.6 

13.6 

1 6.1 


1 Available PaOs in ppm 1 5.0 | 14.0 \ 23.0 

Ruston Fine Sandy Loam 

45.0 j 


15 

Dry weight in grams. . . 

14.2 

1 22.6 

21.8 

21.5 

10.8 

ri.7 


Available PaOs in ppm 

2.0 

i II.O 

18.0 

42.0 


16 

Dry weight in grams. . . 

8.0 

16. 1 

13.5 

14.6 


9.6 


Available P^Oj in ppm 

2.0 

8.0 

12.0 

32.0 


17 

Dry weight in grams. . . 

14.9 

17.0 

20.6 

19.8 

lO.O 

14*5 


Available P2O5 in ppm 

3.0 

8,0 

13.0 

43*0 


18 

Dry weight in grams. . . 

21. 1 

25.1 

26.0 

27.5 

17.2 

19.3 


lAvailable P2OS m ppm \ 3.0 j 8.0 | 22.0 | 

Orangeburg Fine Sandy Loam 

35.0 



19 

Dry weight in grams. . . 

11.7 

15‘5 

16,5 

12,6 

84 

9-9 


Available PaOg in ppm 

5.0 

18.0 

15-0 

38,0 


20 

Dry weight in grams. . . 

194 

19,1 

22,9 

19.5 

.16.5 

14.8 


Available PaOs in ppm 

4.0 

17.0 

21.0 

43-<3 



21 

Di*y weight in grams. . , 

7-3 

16.9 

^ 7-5 

194 

2.0 

11.2 


Available PaOs in ppm 

2.0 

8.0 

II.O 

22,0 



22 

Dry weight in grams. . . 

26.9 

31.2 

29,8 

27.9 

16.2 

23.0 


Available PaOs in ppm 

3-0 

21.0 

32.0 

60.0 

■ , 


^Phosphorus applied as mono-calcium phosphate equivalent to superphosphate. 


PaOo yielded just as much as the one containing 42 ppm. The other 
three Susquehanna soils showed similar response. 

The response of sagrain on Ruston and Orangeburg fine sandy 
loams was very similar to that obtained on Susquehanna. An increase 
from 2 to 8 ppm available P2O5 in Ruston fine sandy loam (No. 16) 
increased the sagrain yield from 8 to 16. i grams, but an additional 
increase to 32 ppm failed to increase the yield of sagrain. Likewise 
an increase from 2 to 8 ppm available PaOs in the Orangeburg sandy 
loam (No. 21) increased the sagrain yield from 7.3 to 16.9 grams, but 
additional increases in available P2O6 failed to increase crop yields. 
One soil containing only 6 ppm available P2O5 did not respond to any 
phosphate treatment. 
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The results show that soils with 5 and 6 ppm available P2O5 failed 
to give as much response to phosphate applications as those with 
only 2 and 3 ppm. Phosphorus applications increased the yield of , 

sagrain on every soil except one, but after the available P2O5 in the 
soil had reached 10 or 15 ppm, greater applications of phosphorus 
failed to increase yields. Maximum yields were obtained on many 
soils with only 16 pounds (8 ppm) available P2O5 per acre, which is a 
lower requirement than most investigators have reported. Truog 
(10) has set the minimum limit of readily available phosphorus at 50 
pounds per acre in the plowed layer of the sandy soils of Wisconsin, 

However, he suggested that 20 to 30 pounds may suffice for growing 

corn in certain sections of the South. ^ 

EFFECT OF AVAILABLE P 2 O 5 IN SOIL UPON YIELD OF COTTON 

The data in Table 2 show the available P2O5 and cotton yields on 
10 different soils which had been treated with 400 pounds of 4-8-4 


Table 2 . — Effect of available phosphorus upon the yield of cotton. 


vSoil 

No: 

Soil type 

Fertili- 
zer 
treat- 
ment, 
400 lbs. 
per acre 

Avail- 

able 

1 PA, 

ppm 

5-year 
average 
yield, 
lbs. seed 
cotton 
per acre 

1 

In- 

crease 

in 

yield, 
from 
phos- 
phorus, 
lbs. per 
acre 

pH 

value 

I 

Rnston fine sandy loam . . ... . . 

4 - 0-4 

3 

337 





4-8-4 

6 

663 

326 

6.6 

*2 

Riiston Bne sandy loam . ...... 

4-0-4 

12 

574 ; 





4-8-4 

_ 

619 

45 

6.4 

3 

Olivier silt loam 

4-0-4 

10 1 

1,076 





4-8-4 

15 

1,186 

no 

5.6 

4 

Oktibbeha clay 

4-0-4 

9 

543 





4-8-4 

18 

613 

70 

5‘6 

5 

Savannah very fine sandy loam 

4-0-4 

6 

684 





4-8-4 

14 

786 

102 

6.7 

6 

Savannah very line sandy loam ' 

4-0-4 ' 

38 

U333 





4-8-4 

48 

1,341 

7 

7.5 

7 

1 Cahaba line sandy loam I 

4-0-4 

12 

619 





4-8-4 

17 j 

707 

88 

6.1 

8 

Grenada silt loam 

4-0-4 

15 

1,318 





4-8-4 

29 

I, .352 

34 

7.2 

9 

Trinity fine sandy loam 

4-0-4 

60 

707 





4-8-4 

85 

733 

25 

8.4 

10 

Houston clay loam 

4-0-4 

6 , 

553 





4-8-4 

— - 

563 

10 



f 


’!'Twq years results only. 
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and 400 pounds of 4~o-“4 fertilizer for five years. The results show a 
great difference in the fertility of each soil type. One contained, only 
3 ppm available phosphorus while another contained 6o ppm in the 
4-0-4 plat. Although the reaction of many of the soils was suitable 
for phosphorus fixation, the available P2O5 in every soil was higher 
in the 4-8-4 plat, which shows a definite residual effect from 160 
pounds of P2O5 applied over a period of five years. The soils which 
were originally low^ in available P2O5 gave an excellent response to 
phosphate applications. Increasing the available P2O5 in Ruston fine 
sandy loam (No. i) from 3 to 6 ppm increased the cotton yields from 
337 to 663 pounds per acre, an increase of 326 pounds. Soils contain- 
ing from 6 to 15 ppm available P2O5 also responded to phosphorus, 
but not nearly as much as the one containing less available P2O5. 
Phosphorus applied to another Ruston fine sandy loam, very similar 
to No. I but containing 12 ppm available P2O5, increased the yield 
only from 574 to 619 pounds per acre. 

Phosphorus applied to Savannah very fine sandy loam (No. g) 
increased the available phosphorus from 6 to 14 ppm and increased 
the cotton yield from 684 to 786 pounds per acre. Oktibbeha clay 
with only 9 ppm available P2O5 showed an increased cotton yield 
from 543 to 613 pounds per acre when the available P2O5 was raised 
to 18 ppm, and Olivier silt loam gave an increase from 1,076 to 1,186 
pounds of seed cotton per acre when the available P2O5 was increased 
from 10 to 15 ppm. Increasing the available P2O5 in Cahaba fine 
sandy loam from 12 to 17 ppm increased the cotton yield from 619 
to 707 pounds per acre; but soils with available phosphorus higher 
than 12 to 15 ppm failed to respond to phosphorus treatments. In- 
creasing the available phosphorus in Grenada silt loam from 15 to 
29 ppm only increased the yield of cotton from 1,318 toT,352 pounds 
per acre, an insignificant increase. Savannah very fine sandy loam 
(No. 6), very similar in texture and structure to soil sample No. 5 
but containing 38 ppm available phosphorus, failed to respond to the 
phosphate applications, although available P2O5 was increased to 48 
ppm. Trinity fine sandy loam with 60 ppm available P20ri only gave 
an increase from 707 to 733 pounds when the available phosphorus 
was increased to 85 ppm, and phosphate applications to Houston 
clay loam, containing only 16 ppm available P2O5, failed to increase 
the yield of cotton. 

The data show that the soil which contained less than 6 ppm avail- 
able phosphorus gave an excelkmt response to applied phosphate, and 
that soils with less than 15 ppm also responded to phosphorus until 
this level was reached. However, soils higher in available phosphorus 
than 15 ppm failed to respond to phosphate applications, although 
available phosphorus was greatly increased. 

Scarseth and Tidmore (8), working with the Black Belt soils of 
Alabama, found a high degree of correlation between the growth of 
oats and available phosphorus by the Truog method. They found 
that soils with less than 3 G pounds available P2O5 made very poor 
yields of oats without phosphate fertilization. The data in Tables i 
and 2 show an excellent correlation between crop yields and available 
P2O5 by the Truog method as long as the available P2O5 is less than 
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30 pounds per acre (15 ppm), and they indicate that cotton and sa» 
grain will respond to phosphate applications only on soils containing 
less than 30 pounds available P2O5 per acre. 

Probably the most widely used fertilizer for cotton is 4-8-4, and 
cotton tests show that 4-0-4 is almost as effective on soils with more 
than IS ppm of available P2O5. In order for the plant to utilize its 
nutrients most efficiently, there must be a proper balance of the 
essential elements, and in southern soils 15 ppm available P2O5 is 
probably enough to maintain the proper balance between the limited 
nitrogen and potassium. Most southern soils are especially deficient 
in nitrogen, and if greater quantities were added more than 15 ppm 
available P2O5 would probably be required to maintain the balance. 

Most southern soils, however, do not contain 30 pounds of avail- 
able P2O6. Eighteen of the 22 soils studied contained less than 30 
pounds of available P2O5, and most of these gave excellent response 
to phosphorus. It is very important, therefore, that phosphate ferti- 
lizer be applied to most southern soils. Phosphate-loving plants may 
even respond to phosphate treatments on soils high in available 
P2O6, but there is a limit to the amount of available P2O5 required for 
cotton and sagrain. 

SUMMARY 

Greenhouse studies were made by growing two crops of sagrain on 
12 different soils, representing four samples of Susquehanna, Ruston, 
and Orangeburg fine sandy loams. The available P2O5 in each soil, 
which had received different phosphate treatments, was determined 
by the Truog method. 

Susquehanna fine sandy loam, a poor soil in the field, gave as high 
yields in the greenhouse as Ruston and Orangeburg fine sandy loams, 
two excellent agricultural soils. 

All of the soils studied in the greenhouse contained less than 6 ppm 
available P2O6, and 11 of the 12 responded to the first phosphate 
applications, but none responded to heavier applications. Sagrain 
yielded as well on soils with 10 ppm available P2O5 as on those with 
40 ppm. Maximum yields were obtained on many soils with only 8 
ppm (16 pounds per acre) available P2O5. 

Field studies were made by growing cotton on i o different soils for 
five years. Soil samples were obtained from the 4-8-4 and 4-0-4 
treated plats and available P2O6 was determined by the Truog 
method. 

The 10 soils varied greatly in their response to phosphorus. Those 
containing less than 6 ppm available P 265 gave excellent response; 
those containing from 6 to 15 ppm gave some response; but those 
containing more than 15 ppm gave very little or no response to phos- 
phorus, although available P2O6 was greatly increased by the phos- 
phate application. 

Cotton and sagrain failed to respond to phosphate applications on 
soils containing 15 ppm or more available P2O5, which indicates that 
under southern conditions crops do not require large quantities of 
phosphorus. Most southern soils do not contain 15 ppm available 
P2O5 and require phosphorus, but applications should not be made 
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without determining the available P 2 O 5 present. It is believed that 
when nitrogen and potassium are limited and phosphorus fixation is 
at a minimum, phosphate recommendations for cotton and sorghum 
may be made on the following basis: Soils containing less than 6 ppm 
available P2O5 require liberal applications, thosp containing from 6 
to 15 ppm require light applications, but those containing more than 
15 ppm require very little or no phorphorus. 
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SEED COLOR STUDIES IN BIENNIAL WHITE SWEET 
CLOVER, ikfELILOTf/S ALBA^ 

Matthew Fowlds^ 

S WEET clover is adapted to growth over a wide area. Its value as 
a forage and soil-improving crop is well recognized. New char- 
acters which modify the appearance, quality, or adaptation of the 
crop are of general interest to growers and plant breeders. 

The varieties of sweet clover commonly grown have yellow seed. 
In certain varieties the seed coat may be mottled with a reddish 
purple pigment. Pale yellow seed is another color variation which the 
writer has occasionally found as a mixture in some lots of ordinary 
sweet clover seed. A single mature plant which produced green seed 
was discovered by the writer in 1933. This paper presents investiga- 
tions with green seed, pale yellow seed, and hybrids between these 
forms and the ordinary yellow-seeded sweet clover. 

REVIEW OF LITERATURE 

Coe and Martin (3),'^ working with sweet clover seed, reported that a well- 
developed “light line” was formed in the outer region of the Malpighian layer 
just below the base of the cones. After soaking the seed in water containing stains, 
they found that the light line in hard seed w^as the region which prevented the 
absorption of water. In permeable seeds, canals were found to cross the light line 
thus forming passageways through which water entered the seed. In histological 
studies Stevenson (4) found that the cells were less closely packed in permeable 
areas and that penetration was by way of the middle lamella. 

Stevenson (4) investigated the inheritance of mottling in Melilotus alba. The 
mottled condition of the seed coat was found to be dependent upon a single factor 
pair and was inherited as a dominant character when other factors were favorable 
for the development of pigment. The appearance of the seed coat was not always 
an accurate basis for classification since the seed may be potentially mottled and 
still show no trace of the pigment. The same plant may produce non-mottled 
seed and seed varying greatly in the degree of mottling. Since mottling occurs in 
the seed coat which is maternal tissue, the degree of mottling appears to be in- 
fluenced by other factors which have not been determined. He states that the 
pigment involved in the mottling had all the general properties of anthocyanins 
and was located in the lower part of the Malpighian cells, 

A type of sweet clover that differed widely from the common type has been 
described by Kirk (2). The plants were profusely branched from the crown and 
the stems were exceptionally fine. In a cross between the dwarf-branching type 
and tall sweet clover, Stevenson (4) found that the dwarf branching habit of 
growth was dependent for its expression upon a single factor difference. The 
common type was completely dominant to the dwarf -branching type. 

^Approved for publication by the director of the South Dakota Agricultural 
Experiment Station, Brookings, S. D., as contribution No. 115 of the Journal 
Series. Received for publication April 21, 1939. 

^Assistant Professor of Agronomy. The author acknowledges his indebtedness 
to Dr. S. P. Swenson, Associate Professor of Agronomy, for helpful criticisms in 
the preparation of the manuscript and for assistance with the statistical interpre- 
tations.'" ■ 

^Figures in parenthesis refer to “Literature Cited”, p. 686. 
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MATERIALS 

The material used in the study of green seed color was furnished by a single 
plant discovered in September 1933. This plant was found by a roadside at some 
distance from other sweet clover plants. A natural hybrid between the green- 
seeded form and a yellow-seeded plant was used in a study of the. mode of in- 
lieritance of tlie green color. 

Material for the study of pale yellow seed color was obtained from commercial 
lots of sweet clover. It was observed that a trace of pale yellow seed occurred in 
occasional lots of sweet clover seed examined for purity in the seed laboratory. 
The selections of pale yellow seed were made from different lots of sweet clover 
extending over a period of several years. A natural hybrid between pale yellow 
and yellow was used in the study of inheritance of the pale yellow color. 

NATURE AND LOCATION OF COLOR IN THE SEED 

The seed coat in sweet clover seed was found to be somewhat 
translucent. For this reason the embryo beneath the seed coat may 
influence the observed seed color. In order to determine the actual 
color in seed coat and embryo, it was necessary to remove the seed 
coat, but it was difficult to do this with dry seed. In this study scari- 
fied seed was placed upon moist blotting paper. After the seed had 
imbibed water the seed coat was easily removed and the color of each 
part could then be determined. 

The normal color of well-matured sweet clover seed has been de- 
scribed as golden yellow. After removing the seed coat it was observed 
that seed coat and embryo of yellow seed were both yellow. Likewise 
in green seed both were green. The pale yellow seed was found to 
have a white seed coat and a yellow embryo. 

The seed produced by a green female parent when pollinated by a 
yellow-seeded plant was pale green. The maternal seed coat of this 
Fi seed was green as expected, but the embryo was yellow. The seed 
produced by this hybrid segregated for yellow and pale green. The 
pale green segregate was found to have a yellow seed coat and a green 
embryo, hence the color arrangement found in the pale green Pi was 
reversed in the pale green Fg segregate. The two forms of pale green 
seed could not be distinguished from each other by inspection, but 
they could readily be identified after the seed coat was removed and 
each part examined separately. The influence of the color combi- 
nations in seed coat and embryo upon the observed color of the seed 
is shown in Table i. 


Tx\ble I .—The location of color in seed coat and embryo in different genotypes of 
sweet clover seed and the relation of this arrangement to the observed seed color. 


Class 

Seed coat 

Embryo 

Observed 
seed color 

Remarks 

I 

Yellow (YY) 

Yellow (YY) 

Yellow 

Common yellow seed 

2 

Yellow (Yy) 

Yellow (YY) 

Yellow 

Homozygous yellow segregate 

3 

Yellow (Yy) 

Yellow (Yy) 

Yellow 

Heterozygous yellow segregate 

4 

Green (yy) 

Green (yy) 

'Green.';:;.' 

Normal green seed 

■ ■ 5 

Yellow (Yy) ' 

Green (vy) 

: Pale green 

Homozygous green segrate 

6 

Green (yy) 

Yellow lYy) 

Pale green 

Fi hybrid green X yellow 

7 

Yellow (YY) 1 

Yellow (Yy) 

Yellow 

Fi hybrid yellow X green* 


*This class has not been observed, I 
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Although coloration of seed coat and embryo may appear alike to 
the eye, the pigments show a different reaction to water at ternper- 
atures favorable for germination. Scarified seed of any type having a 
colored seed coat liberates a greenish yellow stain when placed upon 
a moist blotter. The white seed coats of pale yellow seed liberate no 
stain under similar conditions. Hard seed of any type fails to liberate 
the soluble pigment as long as water does not penetrate the seed coat. 
Excised embryos were placed upon moist blotting paper. These ab- 
sorbed water and began to grow without liberating any stain. The 
results show that colored seed coats contain a soluble pigment and 
the white seed coats are free from such pigment. 

According to Coe and Martin (3), the light line is the impermeable 
layer in sweet clover seed, while the outer layer of the seed coat is 
readily permeable to water. Since the embryo does not liberate any 
color, the soluble pigment should be located in the seed coat beneath 
the light line. Stevenson (4) has shown that the antocyanin pigment 
which gives rise to the mottled condition in certain types of sweet 
clover seed is located in the lower part of the Malpighian cells. 

NATURAL CROSvSING IN THE GREEN-SEEDED SELECTION 

Green seed from the plant discovered in 1933 was sown in the 
greenhouse. The plants were grown under electric light during the 
winter and a crop of selfed seed was produced. After harvesting this 
seed the plants were transplanted to the field and, late in the season, 
one of them blossomed for the second time where it was exposed to 
cross-pollination with ordinary sweet clover. Progenies were grown 
from selfed seed and from open-pollinated seed in subsequent gen- 
erations. The results from each line will be presented separately. 

Selfed seed was sown in the greenhouse. About 100 seedlings from 
this seed were transplanted to a field plat in June 1934. When the 
seed from this plat was threshed in 1935, two shades of green were 
recognized but the significance of the color variation was not fully 
appreciated at the time. A part of the seed was sown on a small plat 
the following spring and the next crop harvested in 1937. The seed 
obtained from the 1937 crop was a mixture of green, pale green, and 
yellow. About 30% of the seed was found in the yellow class. A trace 
of mottling also occurred in the yellow and in the pale green portion 
of the seed. 

After observing this segregation for seed color a sample of reserve 
seed from the 1935 crop was re-examined. The seed was separated 
into green and pale green classes. About 10% of the seed was found 
in the pale green class. The seed coats were removed from a few seeds 
in each class by the method previously described. The seed coats in 
each class of seed were found to be green, but the embryo in the pale 
green class was yellow. As shown in Table i, this type of pale green 
seed is the Pi hybrid produced by a green female parent. 

Because volunteer sweet clover seedlings were killed by drought 
the previous season, only one source of pollen carrying the factor for 
yellow seed was in evidence at the time the green-seeded plants were 
in blossom. This source was a small plat containing a tall yellow- 
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seeded selection segregating for mottled seed. The mottled seed found 
in the hybrid portion of the 1937 crop is also a good indication that 
this plat was the true source of the foreign pollen. 

^ Evidence that crossing took place in 1935 when the plants were in 

blossom was also shown by an important plant character. The green- 
seeded plants grown in 1935 were of medium height and produced 
numerous leafy stems. This dwarf branching growth habit resembles 
the habit described by Kirk (2) for the Alpha variety. The next crop 
grown in 1937 from the 1935 seed was a mixture of tall and dwarf 
plants, Stevenson (4) found that the common type of growth is 
completely dominant to the dwarf type. The yellow and the pale 
green seeds which were found in the 1937 crop were produced by 
these tall hybrid plants. 

Although the hybrids comprised about 10% of the population, 
they produced approximately 40% of the seed harvested from the 
plat. This difference in seed production per plant is due in part to 
j the difference in size of plant and to the natural tendency of tall 

plants to overshadow the dwarf ones growing near them. The results 
show that sweet clover variteies intercross readily when grown near 
each other. If sweet clover selections are to be kept pure, it will 
»» apparently be necessary to have the seed plat well isolated from other 

varieties. 

MOTTLING IN THE GREEN-SEEDED SELECTION 

A number of the mottled pale green seed which were found in the 
1937 crop were separated for examination. The seed coat was found 
to be yellow and the embryo green; hence these must have been pale 
green segregates from the tall hybrid plants which were found in that 
crop. The mottling therefore must have developed in the yellow seed 
coat in conjunction with the yellow color. 

Some of the mottled pale green seeds were sown in the greenhouse 
in October 1937 and plants grown during the winter. The plants 
produced normal green seed as expected from this genotype. All of 
the seed produced by one plant was distinctly mottled. Another plant 
produced seed without a trace of mottling. The others were inter- 
mediate in type of mottling. In this seed the pigment for mottling 
has developed in the green seed coat in conjunction with the green 
color. Stevenson (4) has studied the inheritance of mottling in a 
variety having yellow seed. From the limited observations in this 
experiment, mottling appears to follow the same tendencies in green 
seed that have been determined for it in yellow seed. 

INHERITANCE OF THE GREEN SEED COLOR 

If The open-pollinated green seed produced by a single plant in 1934 

was sown in the greenhouse. The plants were grown during the winter 
but they failed to blossom until the following summer. When the seed 
^ was mature, it was found that one plant was a hybrid producing yel- 

low and pale green seed. The seed was separated into color classes. 
The yellow class contained x,2io and the pale green class 458 seeds. 
The segregation was tested for goodness of fit to a 3 :i ratio by means 
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of the distribution and a X® of 5.374 was obtained, For one degree 
of freedom, this coiTesponds to a P value of between 0,01 and 0.02 
in Fisher’s (i) table, A deviation as great as the observed could be 
expected in i to 2% of the trials on the basis of random sampling. 
Although beyond the limit usually accepted as significant, the results 
indicate a 3 :i ratio. 

An P2 progeny was grown from each class of seed. The seed was 
sown in the greenhouse and the plants were transplanted to the field 
in June, 1936. The plants grown from pale green seed were set ad- 
jacent to a plat of yellow-seeded sweet clover. The plants grown from 
yellow seed were set in a single row on the border of a soybean plat 
and were spaced about i foot apart. The plants were all grown to 
maturity without protection from pollinating insects. 

When the plants reached a suitable stage of maturity in 1937, the 
individual plants were cut, tied into bundles, and placed on the ground 
to dry. The seed was threshed by hand, placed in envelopes and re- 
moved to the laboratory to be cleaned and graded previous to classi- 
fication. 

The plat grown from pale green seed contained 31 plants. Since 
the plants were exposed to cross-pollination the new seed ci-op was 
mixed to some extent with pale green Fi hybrid seed. Disregarding 
this hybrid seed, all of the plants bred true for green seed color. The 
pale green type of seed from which the plants were grown has not 
appeared in the progeny. This class of seed is therefore only a transi- 
tional stage in hybrids between green and yellow. The results show 
that the green color is recessive to yellow. 

In the plat grown from yellow seed, several stunted plants failed to 
produce seed and were discarded. Eighty-four plants were available 
for classification. Of these, 46 segregated for yellow and pale green 
seed and 38 bred true for the yellow color. On the basis of a 2 :1 ratio, 
the expected numbers were 56 and 28, respectively. 

A random sample of seed was taken from each segregating popula- 
tion. Discolored and broken seeds were removed from the sample and 
discarded. The sample was then separated into yellow and pale green 
classes. The number of seed in each class was determined and the X^ 
value for each population on the basis of a 3 :i ratio was calculated. 
The results are presented in Table 2 . 

Inspection of the data recorded in Table 2 shows that 31 progenies 
have a X^ value under 3.841. This is designated as the 5% point in 
Fisher’s table. Nine additional progenies lie within the 1% point. 
Six progenies lie beyond the 1% point and these indicate a wide de- 
parture from the expected values. From the merged data a X® of 
.8187 was obtained. The small value of this X^ shows that the plus 
and minus variations have nearly cancelled each other. The data in 
Table 2 also show that one progeny is a perfect fit, 21 progenies have 
an excessof yellowj and 24 an excess of pale green. This type of dis- 
tribution indicates that there is no persisting bias in favor of one class 
over the other. 
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Table 2.— ’Classification of yellow and pale green seed in 46 segregating Fa 
progefties from a natural cross, greenXyellow, and the value for each 
progeny on the basis of a. j;i ratio. 


Yellow 

seed 

Pale green 
seed 

X2 

Yellow 

seed 

Pale green 
seed 

: Xa ■ ■■ 

524 

225 

10.175 

371 

127 

0.066 

667 

189 

3-894 

548 

168 

0.901 

650 

252 

4-152 

617 

184 

1-758 

620 

209 

0.019 

630 

170 

6.000 

587 

236 

5-929 

623 

221 

0.631 

602 

213 

0-559 

679 

278 

8.368 

634 

192 

1-359 

746 

257 

0.207 

604 

237 

4-537 

786 

287 

1.747 

595 

242 

6.834 

639 

171 

6-533 

757 

281 

2.375 

732 

252 

0.195 

395 

93 

9.191 

454 

199 

10.438 

607 

185 

1.138 

802 

219 

6.864 

548 

199 

1. 07 1 

561 

186 

0.004 

589 

165 

3.906 

572 

199 

0.270 

568 

177 

0.612 

567 

182 

0.196 

560 

165 

1.942 

646 

242 

2.402 

697 

267 

3.739 

637 

206 

0.142 

573 

183 

0.253 

283 

81 

1.465 

573 

180 

0.482 

202 

75 

0.636 

359 

135 

1.427 

344 

134 

2.345 

617 

177 

3.104 

225 

84 

0.786 

815 

224 

6.560 

380 

157 

5.140 

393 

118 

0.992 

207 

69 

0.000 

Totals 

25.785 

8,692 

0.8187 


Another test for goodness of fit was made by comparing the ob- 
served distribution of values with the expected frequencies. These 
data are shown in Table 3. 


Table 3.-7'^^^ of agreement of the observed distribution of X- values with 
expected frequencies in 46 segregating Fa progenies: 


X2 

p 

c 

0 

0-C 

(0-0= 

(0-0= -- 

' : C : 

0.0000 

1. 00 

0.46 




- 0.0002 

0.99 

0.46 

L 



0.0006 

0.98 

1.38 

r 

-2.60 

6.76 1.470 

0.0039 

0-95 

2.30 

ij 



0.0158 

' 0.90 

4.60 

I 

”3-60 

12.96 2.817 

0.0642 

0.80 

4.60 

2 ■ ' 

”2.60 

6.76 1.470 

0.148 

0.70 

9.20 1 

5 

”4.20 

17.64 1.917 

0.455 

0.50 

9.20 

9 

”0.20 

0.04 0.004 

1.074 

0.30 

4.60 

4 

~o.6o 

0.36 0.078 

1.642 

0.20 

4.60 

6 

1.40 

1 .96 0.426 

2.706 

0,10 

2.30 

2] 



3.841 

0.05 

1.38 

5 



5.412 

0.02 

0.46 

4(17 

12.40 

153-76 33-426 

6.635 

O.OI 

0.46 

6 




==41.608 


From the data recorded in Table 3, a of 41.608 was obtained. 
For six degrees of freedom the corresponding P value is very small, 
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hence a deviation as great as this would not be expected on the basis 
of random sampling. The small value of P indicates a significant de- 
parture from the expected distribution on the basis of a 3:1 ratio. 
The big disturbing factor is the group of 17 progenies having high 
values. The other 29 progenies show a reasonably close fit to the ex- 
pected distribution. 

It is desirable in this connection to re-examine the material and 
the method of handling it in order to find if possible any disturbing 
factors which would explain this deviation. In several progenies 
difficulty was experienced in classifying seed of uneven maturity. 
Immature yellow seed which failed to develop beyond the green stage 
could not be distinguished with certainty from the green genotype. 
Errors in classifying samples of this type will result in high values. 

Previous experience has shown that extensive crossing will occur 
between different types of sweet clover. Thirty-eight plants produc- 
ing yellow seed were growing in the same plat with the segregating 
plants. These would increase the amount of available pollen carrying 
the factor for yellow seed. Two other plats of sweet clover, one green- 
seeded and one yellow-seeded, were growing nearby. Perhaps the 
available pollen was about equally divided between the two types, 
but the manner of its distribution to individual progenies by insect 
carriers is not known. 

When due allowance is made for the disturbing factors in connec- 
tion with pollination and for errors in sampling and in classifying the 
seed, it is thought that the evidence against the assumption of a 3 :i 
ratio is not convincing. Modifying factors which have not been de- 
termined in this study may account for part of the deviation from 
expected numbers. Observations made upon well-matured seed from 
selfed plants and data from the next generation would be desirable 
before reaching final conclusions. 

INHERITANCE OF THE PALE YELLOW SEED COLOR 

Pale yellow seed selected from commercial lots of sweet clover 
were sown in the field at different times as seed from this source 
became available. Plants grown from the selected pale yellow seed 
usually produced a seed crop of the ordinary yellow color, but an 
occasional plant was found that produced pale yellow seed. Since the 
original plants producing the pale yellow seed were grown among ordi- 
nary sweet clover plants, extensive cross-pollination was to be ex- 
pected. Natural crossing would account for the small number of true 
breeding plants when these are grown from this source of seed. 

In October 1933, pale yellow seed from a selected plant was sown 
in the greenhouse. The plants were grown under electric light and 
selfed seeds were matured during the winter. This seed was found to 
come true for the pale yellow color. A part of the seed was used to 
grow another generation in the greenhouse. Prom the plants continued 
in the greenhouse where crossing with other types was prevented, a 
true breeding line was readily established. A part of the selfed seed 
was also sown in the field. Whenever a new generation was grown 
from seed which matured in the field, only a small portion of the 
plants were found to produce seed of the pale yellow color. 
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A laeld-grown seedling was removed to the greenhouse in November 
1936 and a crop of selfed seed was produced the following spring. The 
seed was found to be the ordinary yellow color. Evidently this plant 
was grown from a cross-pollinated seed. Some of the selfed seed was 
sown in a field row in May 1937. In an effort to obtain selfed seed, 
cloth bags were placed over branches on a number of plants when 
they were ready to blossom in 1938. Seed was obtained from nine 
plants. Of these, seven produced yellow seed and two produced pale 
yellow seed. Definite conclusions on the mode of inheritance should 
not be based on such a small number of plants, but the results suggest 
a, 3:1 ratio. The pale yellow color was recessive to yellow. 

In February 1938, a green-seeded plant was pollinated with pollen 
from a plant of the pale yellow type. Both of the parents were selected 
from selfed lines. The contrasting characters entering this cross were 
green vs. yellow embryo and green vs. white seed coat color. Hybrid 
seedlings were grown in the field during the summer and nine of the 
plants were removed to the greenhouse in November. Selfed seed 
was obtained from these in March 1939. The seed produced by this 
Fi hybrid segregated for green and yellow embryo color as expected, 
but the seed coat was yellow. The results indicate that complementary 
factors are necessary for the expression of color in the seed coat. Per- 
haps the pale yellow type carries the recessive allelomorph of a basic 
factor for the production of seed coat pigment and a dominant factor 
for the determination of yellow color. Data from later generations 
will be required before the mode of inheritance can be fully de- 
termined. 

SUMMARY 

The seed coat in sweet clover seed is usually somewhat translucent. 
Because of this characteristic, color in the embryo may exert an in- 
fluence upon the observed seed color. 

Two forms of sweet clover, each distinguished by its seed color, 
have been described. In one form the seed coat and embryo are both 
green; in the other the seed coat is white and the embryo is yellow. 

A pale green seed color which is represented by two distinct forms 
has been observed in a hybrid between green and yellow. These 
forms of pale green seed failed to breed true in the next generation, 

A mottled condition in the seed coat of a yellow-seeded variety 
has previously been investigated. In a hybrid between yellow- 
mottled and green, a segregate has been found which has the mottled 
condition combined with a green seed coat. 

The green seed color is inherited as a recessive to yellow and its 
determination appears to be dependent upon one main factor pair. 
The pale yellow seed color is also recessive to yellow. 

In a cross between the factors for green seed coat and the white 
seed coat of pale yellow seed, the Fi hybrid produced seed with a 
yellow seed coat. The expression of color in the seed coat appears to 
be dependent upon complementary factors. 

Cross-pollination has occurred freely between the different varie- 
ties observed in this study. The crop of seed harvested from a small 
plat of green-seeded plants showed 10% of cross-pollination when 
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grown at a distance of 200 feet from a small group of yellow-seeded 
plants. If sweet clover selections are to be kept pure, the seed plat 
should be well isolated from other varieties, 
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INFLUENCE OF LOW TEMPERATURE TREATMENTS ON ! 

THE GERMINATION OF SEEDS OF SWEET I 

CLOVER AND SMOOTH VETCH! | 

L. E. Dunn- | 

I 

G ermination percentages of sweet clover {Meliloius alba I 

Desr.) and of smooth vetch {Vida mllosa Roth.) seed samples 
are reduced more or less by the presence of hard seeds, that is, seeds | 

with coats impermeable to water. The hard seed content of sweet i 

clover seed samples grown in western Oregon is often more than 45%, l 

while that of smooth vetch seed samples is often more than 15%. I 

Experiments were designed to find the influence of various low tern- ! 

perature treatments on the softening of hard seeds and on the germ i- i 

nation of seed samples of sweet clover and smooth vetch. | 

REVIEW OF LITERATURE | 

A number of workers, including Harrington (i),^ Helgeson (3), Jones (4), | 

Leggatt (5), Lute (6), Midgley (7), Schmidt (9), and Whitcomb (10), have studied 
the influence of various storage conditions and storage in the soil on the soften- | 

ing of hard seeds of cultivated legumes. The results indicate that when seeditigs | 

are made in the spring nearly all hard seeds of alfalfa and hairy vetch will germi- j 

nate and produce plants during the first season. The majority of the hard seeds I 

of red clover and sweet clover will not germinate until the second season after 
the seeds have passed the winter in the soil. In case of red clover many of the hard | 

seeds which become permeable during the winter do not produce plants because 
of being killed by the freezing weather of winter. Hard seeds of alfalfa and hairy 
vetch do not stand freezing readily after they have become permeable. Freezing 
weather is quite effective in the softening of hard seeds especially when the seeds 
are moist as they are in the soil, | 

Harrington (2) and Morinaga (8) have conducted experiments which show j 

that the germination of some seeds are favored by favorable temperature alter- I 

nations. Seeds of Bermuda grass, Canada bluegrass, cat- tail, Kentucky bluegrass, 
and orchard grass are examples of seeds favored by alternating temperatui’es. I 

As a result of these investigations, it was believed that a low temperature 
treatment might be found which would cause seed samples to give higher germi- 
nation percentages than samples which had been stored dry at room temperature. 

MATERIALS AND METHODS 

Samples of locally grown sweet clover and smooth vetch seed were selected | 

for carrying out the experiments. The various samples were given moist and dry ^ 

treatments under the following storage conditions: (a) Room temperature aver- f 
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age 22° C, ranging from 17° to 27°; (b) 5° C in a low temperature storage room, 
with a range from 2° to 10° C; (e) -10° C in a low temperature storage room, 
with a range from -8° to -12° C; (d) -10° C for i week followed by a continuous 
storage at 5° C; (e) alternation -10° C i week, 5° C l week; and (f) alternation 
—10° C I week, 22° C i week. 

Storage periods ranged from i to 10 months. Following a treatment period for 
a sample, dead seeds and seeds which had produced radicles more than i cm in 
length during storage were discarded. For sweet clover, these seeds were removed 
by placing the treated sample in a beaker of water and decanting them off. The 
remainder of the sample was tested for germination. 

Germination conditions consisted of holding the seeds on moist paper toweling 
in Petri dishes at room temperature. The period of a germination test was 14 
days. After the first 7 days those seeds which had germinated were counted and 
removed. In case of sweet clover, seeds which had produced radicles with root 
hairs, elongated hypocotyls, and green cotyledonary leaves were considered to 
have germinated. In case of smooth vetch, seeds which had produced radicles 
with root hairs and plumules with green leaves were considered to have germi- 
nated. Hard seeds included seeds which had not swollen and which had not germi- 
nated during the germination test. Germination and hard seed percentages were 
based on the original number of seeds in a sample as 100%. In moist treatments 
where freezing temperatures were used, the envelopes with their samples were 
placed in water for 30 minutes and then allowed to drain just before storage. The 
seeds did not appeal' to be swollen at the beginning of the low temperature 
storage. 

In case of moist treatments i and 6, where a temperature of 22° C was used 
either part or all of the time, a single sample of 1,000 seeds was used for each 
treatment and for all periods of time within that treatment. The samples were 
held on moist blotters in Petri dishes. In case of treatment i in which the seeds 
were kept continuously at 22° C, the dish was opened once each week and the 
germinated seeds were counted and removed. For treatment 6 in which the sample 
was held at 22° C every other week, germinated and dead seeds were counted and 
removed at the close of the 22° C interval. For dry treatments i and 6, samples 
were held in paper toweling envelopes. 

In one of the experiments with smooth vetch, hard seeds were used for treat- 
ments I to 6, inclusive. These seeds were selected by picking the impermeable 
black seeds from seeds of the original lot which had been soaked for 30 hours at 
room temperature. During this period of soaking, permeable seeds sw^elled to 
more than twice their normal size and turned from black to a light or yellow 
brown color. At the close of a treatment for a sample, it was placed under germi- 
nation conditions for 14 days. Seeds which had become permeable were recorded. 
In all cases hard seeds which had become permeable germinated normally when 
they were not frozen after taking up water. 

EXPERIMENTAL RESULTS 
RESULTS WITH SWEET CLOVER 

The various treatments and the results are given in Tables i and 
2. In all cases moist storage treatments were harmful to germination. 
Similar dry storage treatments had no influence on germination. The 
various moist and dry storage treatments were observed to have no 
significant influence on the softening of hard seeds. 


Table i.— Influence of various moist storage treatments on the germination and the softenhig of seeds of sweet clover. 
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In the moist treatments many permeable seeds germinated in 
storage, and very few hard seeds became permeable. Therefore, the 
tests which followed the storage treatments gave very low germina- 
tion percentages. In moist storage at 22° C, permeable seeds germi- 
nated within the first week. After intervals of i and 2 months in 
moist storage at 5° C, permeable seeds had produced radicles of 
approximately i and 2 cm in length, respectively. After periods of 
4 months nearly all of the radicles were dead or partially decayed. 
In case of samples of 3 ,000 seeds each which were held in moist storage 
at 5° C, the seeds had weak radicles after i and 2 month intervals. 
For intervals longer than this nearly all radicles were dead. For these 
treatments above freezing, the small number of hard seeds which had 
become permeable produced healthy radicles and hypocotyls. 

After samples were removed from the - 10 ° C storage treatment, it 
was observed that permeable seeds were swollen. These samples gave 
low germination percentages. Apparently the permeable seeds had 
taken up enough water at the beginning of storage to be injured to 
some extent by freezing. Hard seeds were not injured by freezing. 

At the beginning of the experiments, it was believed that under 
moist storage slightly above freezing enough water may enter some 
of the hard seeds to permit a normal slow growth of their embryos 
at this low temperature. The growing embryos in turn may finally 
injure the surrounding seed coats so that enough water could enter 
to permit a normal germination at 22° C. No results were obtained to 
support this concept. 

results with smooth vetch 

The results reported in Table 3 show that all moist storage treat- 
ments were harmful to the germination of seed samples of smooth 
vetch. Dry storage of the seed samples under the same treatments 
had no influence on germination. In case of moist storage at 22® C, 
permeable seeds germinated during the first week. In case of moist 
storage at 5° C, permeable seeds produced radicles over i cm in length 
in periods ranging from 2 to 4 weeks. Since seeds which had produced 
radicles more than i cm in length in storage were not counted as part 
of the germination of samples, germination percentages for the moist 
treated samples are very low. In case of the moist storage at -10^ C, 
permeable seeds did not appear to be swollen at the time they were 
placed at this temperature. When these samples were removed and 
placed under germination conditions, the permeable seeds swelled 
to a marked extent and then decayed* Apparently enough water had 
entered the seeds previous to storage so that they were killed by the 
freezing temperature. Those seeds which germinated after the freez- 
ing periods probably were hard seeds which had become permeable in 
storage. 

The moist storage treatments given in Table 3 appeared to cause 
some softening of hard seeds. The results given in Table 4 show that 
all the moist treatments were effective in causing a softening of hard 
seeds. There were marked variations in the impermeability of the 
hard seeds. In case of moist storage at 22^ C, some of the hard seeds 
became permeable within i month, while others were still imperme- 
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Table 3. — Influence of various storage treatments on the germination and the 
softening of seeds of smooth vetch. 


Periods of 
treatment 

Treatment* 

No. I, 22° C 

No. 2, s° C 

No. 3, -10° C 

Germi- 

nation 

% 

Hard 

seed 

% 

Germi- 

nation 

% 

Hard 

seed 

% 

Germi- 

nation 

% 

Hard 

seed 

% 


Moist Storage in Paper Towels 



82 

15 

— ■ 

— 

— 

— 

2 weeks. . ........... 

4 

II 

27 

18 

8 

17 

I month ......... 

0 

II 

2 

16 

I 

16 

2 months. 

I 

10 

0 

18 

2 

12 

4 months 

I 

10 

I 

15 

I 

13 

6 months 

I 

10 

2 

13 

2 

10 


Dry Storage in Paper Towels 




82 

15 

— 


— , 

— 

2 weeks. . 

78 

17 

78 

16 

80 

17 

I month. 

80 

17 

75 

16 

80 

16 

2 months. 

75 

20 

84 

15 

81 

17 

4 months. . . ........ . 

84 

14 

83 

12 

81 

16 

6 months. . .......... 

85 

13 

85 

10 ;) 

78 

16 


*Iti case of treatment i in moist storage, a single sample of 1,000 seeds was used for all treat- 
ment periods. For treatments 2 and 3 a sample of 300 seeds each was provided for each period. 

able after 6 months. When hard seeds became permeable under these 
eonditions, they first swelled and turned to a lighter color and then 
germinated. With the possible exception of moist storage at 5® C, 
moist storage at room temperature was as effective as any other 
treatment in causing a softening of hard seeds. 

Table ^.—Influence of various moist storage treatments on the softening of hard 
seeds of smooth vetch. 


Treatments 


Periods of treatments in moist towels and percent- 
ages of hard seeds which became permeable after’*' 


2 

weeks 


month 


2 ■ 

months 


months 


6 

months 


No. I, 22° C. . 

No,2,5‘^C 

No, $,-10° C 

No. 4, -10® C I week and 

then 5® C continuous 

No . 5, alternation 
-10° C I week; 5° C i week 
No. 6, alternation 
-10® C I week; 22® C i week 


*For treatment i, a sample of 200 hard seeds was used for all periods. This was because the 
pmple did not have to be removed from its regular storage treatment for germination conditions to 
be provided. Hard seeds counts for a given period were taken 2 weeks after the close of the period 
so that results would be consistent with counts for other treatments. For all other treatments, a 
sample of 200 hard seeds was provided for each period. 
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An initial freezing period of C for i week, treatment 4, ap- 
peared to hasten the softening of a portion of the hard seeds when 
held moist at 5® C. However, by comparison with treatment 2, the 
initial freezing did not appear to influence the total number of hard 
seeds which had become permeable after 4 months storage. 

In case of the -10° C moist storage, hard seeds were soaked in 
water 30 minutes just previous to the low temperature storage. The 
hard seeds did not take up enough moisture to be injured by freezing. 
Seeds which had become permeable at C germinated normally 
when germination conditions were provided. In case of the temper- 
ature alternations, seeds which had become permable and which had 
swollen at the higher temperature were killed by the freezing tem- 
perature. 

After 6 months moist storage under the various conditions only 
approximately 20% of the original seeds were still impermeable in 
selected 200 hard seed samples. These experiments would indicate 
that probably the majority of the hard seeds of smooth vetch would 
germinate and produce plants the first 2 or 3 months after planting. 
Probably only a very small percentage of the hard seeds would be 
left in the soil a year after planting. 

SUMMARY 

A number of experiments were conducted with locally-grown seed 
samples of sweet clover and smooth vetch to find the influence of 
various low temperature treatments and alternating temperatures on 
the softening of hard seeds and on the germination of seed samples. 
The various treatments consisted of moist and dry storage of seed 
samples under the following conditions: Room temperature; 5° C; 
-10° C; -10° C for i week followed by continuous storage at 5° C; 
alternations in weekly intervals between temperatures above and 
below freezing. Storage periods ranged from i to 10 months. At the 
close of a storage period for a sample, dead seeds and seed which had 
produced radicles mox'e than i cm in length were discarded. The 
remainder of the sample was tested for germination. 

No low temperature storage treatment was found which would 
cause seed samples of sweet clover and smooth vetch to give higher 
germination percentages than seed samples which had been stored 
dry at room temperature. Moist storage of the seed samples under the 
various low temperature and alternating temperature conditions was 
found to be harmful to germination. Permeable seeds produce radicles 
slowly in low temperature storage slightly above freezing. Permeable 
seeds which had absorbed enough water to be slightly swollen were 
injured or killed by freezing. Dry storage of seed samples under the 
same conditions was observed to have no significant influence on 
germination. 

The various moist and dry storage treatments were observed to 
have no significant influence on the softening of hard seeds of sweet 
clover after storage periods ranging from i to 10 months. The various 
moist storage treatments were observ^ed to be effective in the soften- 
ing of hard seeds of smooth vetch. Samples of 200 hard seeds each 
were given the treatments. After 6 months storage only approxi- 


694 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

mately 20% of the original hard seeds were still impermeable. In all 
cases hard seeds which had softened germinated normally when they 
were not frozen after taking up water. These results would indicate 
that probably the majority of hard seeds of smooth vetch would 
germinate and produce plants within the first 2 or 3 months after 
planting. 
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PLOWING DATES AS THEY AFFECTED THE ABUNDANCE 
OF CORN ROOT APHIDS AT CLAYTON, ILLINOIS, 
1929-19321 

J. H. Bigger and F. C. Bauer^ 

F or many years the sole cultural practice recommended for the 
control of the corn root aphid, Anuraphis maidi-radicis Forbes, 
has been early plowing followed by repeated frequent discing of the 
soil to prevent re-establishment of the nests of the cornfield ant, 
Lasius niger aniericanus Emery, and growth of weeds to furnish food 
for the aphids prior to corn planting. 

This recommendation probably originated with the extensive re- 
port on this insect by Dr. Forbes'^ in 1892 when he said, . . we 
may seek to handle the ground in such a manner that there will be 
no sufficient start of vegetation to keep the lice alive.” 

It was further developed and given a background of fact as re- 
ported by Flint^ in 1919, and is recognized as an entirely satisfactory 
means of preventing damage by this insect. The authors wish in no 
way to displace this means of control when it can be carried out. It, 
is desired only to furnish for the use of other workers in this line 
certain data obtained in pursuing a long-time project on observation 
of the effect of certain cultural practices on the root-infesting insects 
of corn. 

HISTORY OF PROJECT 

For four years, 1929-32, one part of this project was maintained in 
cooperation with the Department of Agronomy of the University of 
Illinois on the soils experiment field at Clayton in western Illinois 
on W’^ell-di'nined brown silt loam. A rotation of corn, oats, red clover, 
and wheat^was practiced on the major series of this field. In this rota- 
tion, a gram system and livestock system of farming were compared. 
In the gimn system sweet clover was grown in the wheat as a catch 
crop. This was returned to the soil the next spring as a green manure 
previous to corn planting. Corn crop residues were also returned to 
the soil. In the livestock system animal manure equal to the total 
weight of the crops produced in the previous rotation was spread on 
the ground and plowed under for corn. In both groups the first crop 
of red clover was removed for hay. The second crop was also removed 
for hay in the livestock system, but this crop was plowed under in 
the grain system previous to wheat seeding. (A common practice in 
Illinois is to gather the second crop of red clover for seed.) 


Tart of Project 3,6 of the Illinois Natural History Survey. Received for publi- 
cation April 27, 1939. 

^Associate Entomologist, Illinois State Natural History Survey Division, and 
Chief in Soils Experiment Fields, Illinois Agricultural Experiment Station, 
Urbana, 111,, respectively. 

^Forbes, S. A. iSth Rpt. III. State Ent., 1891-1892. (Page 66.) 

^Flint, W. P, III. Nat. Hist. Sur. Circ. 4. 1919. 
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GRAIN 

SYSTEM 

Late plow 

LIVESTOCK 

SYSTEM 

Late plow 

Early plow 

Early plow 


Fig. I. — Diagram of arrangement 
of soils experiment field at 
Clayton, 111 . 


Plowing for corn was done in 
such a way that each of these areas 
was plowed at two different dates, 
the plowing being done at the 
same time in each, as indicated in 
the diagram in Fig, i. Approxi- 
mately I acre is included in each of 
the four resulting areas. 

The early plowing is done as soon as sweet clover has made suffici- 
ent growth to be killed by turning under. The late plowing is done 
approximately two weeks later and about a week previous to corn 
planting. The early plowed land is not worked further until after the 
second plowing is done when the entire series is double disced and 
harrowed just previous to corn planting. The term “early plowing” 
is here used only to indicate the difference between the two groups. 
These dates of plowing (Table i) would not ordinarily be considered 
early in the section of the state in which the field is located. 

Table i. — Record of dates of plowing and planthig at Clayton, IlL, ig2Q~j2. 


Year 

Early plowing 

Late plowing 

Planted 

Date recorded 

1929 

Apr. 19 
Apr. 8 

Apr. 15 
Apr. 13 

May 9 

Apr. 23 
May I 

Apr. 27 

May 17 
May 6 

May 13 
May 5 

June 20-21 
June 2~3 
Junes 

Mav 27 

1930 1 

iQ-ii 1 

1932...... ....... 1 


It is recognized that the early plowed area is not handled according 
to recommendations for corn root aphid control, but this handling is 
in general agreement with common practice followed by farmers in 
this area. The infestation later shown is not to be considered that 
which would result if previous control recommendations were fol- 
lowed. 

METHOD OF GATHERING DATA 

Corn is planted on these plats during the first part of May and cultivated in 
the usual manner. When the plants have reached a height of 6 to 8 inches, repre- 
sentative groups are dug in each plat. Duplicate loo-hill samples are taken in 
different sections of the series. The plants are dug with a spade and the entire 
root system present at that time is exposed. Visible presence of the insects them- 
selves is the only basis for record of infestation. The practice of plowing twice on 
the field has been discontinued. Further records are not obtainable, so the data 
are here offered following only four years' study. 


RESULTS OBTAINED 

From the start of taking records it was apparent that the practice 
of plomng in the first half of April and not working the ground until 
just prior to corn planting resulted in a heavier infestation than the 
practice of plowing a week prior to corn planting and thorough 
working of the soil in the meantime. These results were consistent 
for the four-year period when the records were obtainable as shown 
in Table 2. * 
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Table 2. —Infestation hy corn root aphids under two different cultural practices. 




Percentage of hills infested 


Cultural practice 

1929 

1930 

1931 

1932 

Aver- 
age ; 

Composite 

average 

Livestock system 

Grain system 

Early Plowing 

49.7 1 21,5 1 — * 

1 32.1 1 13.0 1 2.5 1 

30.0 1 
30.0 1 

33-6 1 

194 1 

1 

26’5 

Livestock system. ....... 

Grain system 

I 

1. 32.9 

1 23.9 1 

.ate Plowing 

14.5- 1 II.O 
!■ II.O 1 1.5 1 

1 144 i 

1 16.3 

1 I 3.2 

I 5.7 


Plats not included in 1931* 


RECOMMENDATIONS 

The authors hesitate to make any formal recommendation on the 
basis of the four years of work on only one series of plats, thougli 
duplicate records were obtained in each case. The fact that previous 
recommendations are entirely satisfactory when carefully followed 
is also considered. It is felt, however, that under certain conditions it 
can be recommended that plowing of the field be delayed until just 
prior to corn planting where corn root aphid control is the only factor 
to be considered. 

This should not be used to replace previous recommendations where 
it is possible to follow them. It is recognized that this is not generally 
good farm practice and that early plowing should be generally con- 
sidered superior. This practice is to be recommended only when and 
where corn root aphids are the only important problem and other 
means of control are not possible. 
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METHODS FOR DETERMINING THE PERCENTAGE OF 
SEEDS, STRIGS, STEMS, AND LEAVES IN 
COMMERCIAL HOPS^ 

C. G. Monroe and D. D. 

T he seeds, strigs (the rachis of the hop strobile), stems, and leaves 
in commercial hops add little to the brewing value. Brewers gen- 
erally consider seedless hops to be superior to seeded hops as the 
seeds are believed to impart undesirable flavors and odors to the 
brewed beverages. All of these materials add useless weight to the 
hops. 

Brewmasters and hop dealers have made it a practice to estimate 
roughly the amount of impurities in a given sample. If analyses are 
necessary, the stems and leaves can be picked from the sample and 
the percentage determined accurately. The stickiness of the lupulin 
which covers the base of the bracts of the hop cone and the enclosed 
seed makes accurate physical analysis of this factor difficult. Lupulin 
also interferes with accurate determination of strigs. 

At the request of the Oregon hop industry, experiments were 
initiated by the Oregon Experiment Station to study the physical 
and chemical properties of commercial hops. In this study it was 
necessary to determine accurately the percentage of seeds in a given 
sample. A comprehensive review of the literature on the vSubject 
revealed only two methods that had been used to accomplish this 
objective. 

Epstein and Hubbard'^ suggested a method in which the seeds 
were plucked from the cones by hand and the lupulin removed from 
the seeds by rubbing between the thumb and index finger. When the 
fingers became oily they were dipped in 50% alcohol and wiped clean. 
About 2 hours were required to determine the seed content, of a io~ 
gram sample, which, according to Epstein, and Hubbard, was the 
smallest sample that would give representive results. 

Rabak^ offered a more practical method by which 20-gram samples 
were heated to 105° C for 6 hours to destroy the stickiness of the 
lupulin so that the hops could be threshed by pulverizing between 
the palms of the hands and the seeds then screened out. This method 
limits the output of a commercial laboratory to the capacity of its 
ovens. 

MATERIALS AND METHODS 

An experiment was set up for the purpose of developing a more practical 
method for arriving at seed percentages in hops. Three lots of hops appearing to 

^Published as Technical Paper No. 312 with the approval of the Director of the 
Oregon Agricultural Experiment Station, Corvallis, Ore. Contribution of the 
Department of Farm Crops. Received for publication May i, 1939. 

^Graduate Assistant and Associate Agronomist, Farm Crops Department, 
Oregon State College, respectively. 

^Epstein, S. S., and Hubbard, W. S., The American Brewer, June, 1936. 
‘*Rabak,, F. Relation of seeds, leaves, and stems to the quality of hops and malt 
beverages. Printed and distributed ^ by Materials Improvement Committee, 
Master Brewers' Association of America, Clinton, Iowa. 
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vary in seed content were selected. Ten“gram samples from eacli of these lots 
were subjected to tw'o types of treatments to desti-oy tlie lupuliti. In one treat- 
ment the samples were exposed to various temperatures for i to 6 hours; in the 
other they were dipped in alcohol and then dried. Prom this experiment, the 
following methods were selected as the most promising; Heating at 105° C for 
6 hours, heating at 115° C for 2 hours, and the alcohol-solvent methods 

A second experiment was set up to determine the comparative accuracy of 
these three methods. From each of five dififerent lots of commercial hops, three 
sets of five 20-gram samples were selected to be treated by each of the thi’ee meth- 
ods. The samples were taken from hop bales and accurately weighed to 26 grams. 
All stems, leaves, and portions of leaves more than J 4 mch in diameter were 
picked out and weighed to 0.0 r gram, and the percentage determined. In the first 
experiment it had been found tliat it was more practical to separate the stem.s 
and leaves before heating or dipping in alcohol, as the leaves were less likely to be 
broken and therefore more easily removed. The samples to be heated were placed 
in covered soil cans and heated in a thermostatically controlled electric oven in 
which the temperature would be controlled with an accuracy of =fc:2° C. 

The individual samples for the alcohol-solvent method were placed on 2-foot 
squares of muslin or cheesecloth and immersed in a quart bowl of methyl alcohol 
for I minute. The excess alcohol was pressed by hand from the sample and re- 
tained for further tise. Rubber-coated gloves were used to protect the operator’s 
hands from the staining effect of the alcohol and lupulin. 

The cloth containing the hops was next spread out to dry on a screen over a 
steam radiator. Breaking up the cones and stirring them occasionally speeded up 
the drying process. Twenty to 30 minutes were required for drying. 

Identical methods of threshing were used for all treatments. The cones were 
pulverized between the palms of the hands, and the chaff separated from the seeds 
and strigs, or central stems of the cones, with a laboratory fanning mill. The seeds 
were readily separated by screening out the larger strigs, then placing the seeds 
and remaining strigs on an incline and manipulating in such a manner that the 
seeds rolled off while the irregularly shaped strigs do not. The seeds and strigs 
were weighed separately and their percentages by weight determined. The weight 
per 1,000 seeds was determined for each treatment. 

EXPERIMENTAL RESULTS 

Results of the preliminar}?^ trials are .shown in Table i. This experi- 
ment indicates that heating at higher temperatures for shorter 
periods of time is comparable to the 6-hour treatment at C, and 
that the alcohol-solvent method compares favorably with the heat 
treatments. The valuations in seed percentages, though small, indi- 
cated that the I o-gram samples were too small. 

Individual percentages of seeds and strigs with averages for each 
sample and each treatment are shown in Table 2. The data obtained 
from all three methods show comparable results, although the per- 
centage of error from the 2 -hour heat treatment is slightly higher 
than from the other two methods. 

For convenience, the averages from Table 2 are summarized in 
Table 3, 

DISCUSSION 

The percentage of probable error indicates the variations within 
each of the different methods, part of which is the result of variations 
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Table i. — Compatiso^i of methods of seed determination in hops\ preliminary 

trial. 



Lot 45A 

Lot 37 

Lot 51 

Treatment 

% 

Condi- 

% 

Condi- 

% 

Condi- 


seeds 

tion* 

seeds 

‘ tion* 

seeds 

tion* 

Heat, 105"* C, I hr. 

^ 9.2 

vSlightly 

' II. 2 

Slightly 

19.0 

Sticky 

sticky 


sticky 


Slightly 

Heat, 105° C, 2 hrs. 

6.5 

OK 

11.8 

OK 

16.5 





sticky 

Heat, 105° C, 3 hrs. 

7.6 

OK 

8.9 

OK 

1 6.1 

Slightly 




stick}?" 

Heat, 1 05'’ C, 4 hrs. 

7-3 

; OK 

12.0 

OK 

16.5 

Slightly 

sticky 

Heat, 105° C, 5 hrs.l 

7.4 

OK 

lO.I 

OK 

17.0 

OK 

Heat, 105° C, 6 hrs., 

7*1 

OK, cones 

II. I 

OK 

17.7 

OK 

brown 





Alcohol solvent. . . . 

8.3 

OK 

II. 5 ' 

OK 

17.2 

OK 

Alcohol solvent. . . . 

6.9 

OK 

II. I 

OK 

17.9 

OK 

Alcohol solvent. . . . 

7.0 

OK 

9.9 

OK 

17*5 

OK 

Alcohol solvent. . . . 

8.0 

OK 

11.5 

OK 

18.9 

OK 

Alcohol solvent. . . . 

6.8 

OK 

10.8 

OK 

18.2 

OK 

Average 

7.4 


11,0 

1 


17.9 






P.E.zht 

0,254 


■ 

0.287 

' ■ 

0.203' 


P.E.% 

3.43 


2.61 

' 

1. 13 ' 



Trials at Higher Temperatures with Lot 45A 


No. ■ 

115° 

C, 2 hrs. 

i 

120° 

C, 2 hrs. 

120° 

C, I hr. 

% 

seeds 

Condi- 

tion 

% 

seeds 

Condi- 

tion 

% 

seeds 

Condi- 

tion 

I 

8.2 

OK 

8.6 

OK, to- 
bacco 
brown 

8.1 

■ 

Slightly 

sticky 

2. 

7.2 

OK 

8.0 

OK, to- 
bacco 
brown 

7*3 

OK 

3 

8.8 

OK 

8.0 

OK, to- 
bacco 
brown 

9.2 

Slightly 

stick}?- 


^Condition refers to the condition of the sample for threshing, 
t Probable error computed by Peter’s formula. 


in sampling. The low percentage of error in all cases indicates that 
all of these methods are reasonably accurate. 

Results of the heat trials indicate that the 2~hour method at 115° 
C is as accurate as the 6-hour inethod at 105^ C. One advantage of 
the former is that it will enable a laboratory to analyze four times its 
oven capacity in an 8-hour day. Where oven space is the limiting 
factor, this is a decided advantage over the 6-hour method. 

The alcohol-solvent method gave results comparable to those 
obtained from the heat treatments. The determination of strigs by 
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Table 3 .- — Comparison of the averages of the three methods ^ summary of 

Table 2 . ' ' 



j Alcohol solvent 1 

Heat, 

115° C, 2 hrs. 

Heat, 105° C, 6 hrs. 


% 

by- 

weight 

% 

P.E. 

Weight 
of 1,000 
seeds, 
grams 

% 

by 

weight 

! 

% 

P.E. 

Weight 
of 1,000 
seeds, 
grams 

% 

fey' 

weight 

% 

P.E. 

Weight 
of r,ooo 
seeds, 
grams 

Seeds 

Strigs 

; 11.4 
8.6 

1.52 

1.92 

3.85 

11.4 

7-5 

2.49 

3.69 

3.S6 

10.9 

7.2 

1.73 

3.62 

3-89 

1 “ 


this method appeared to be slightly more accurate, as indicated by a 
lower probable error. An important advantage of the method is that 
no oven is required and that the work can be done wherever facilities 
are available for drying. In the opinion of the senior author, who 
conducted most of the actual trials, samples treated with alcohol 
threshed more easily and were more satisfactory to handle. Heating 
appeared to cause parts of the bracts to adhere to the seeds, thus 
interfering in threshing. 

The alcohol-solvent method was adopted by the Oregon Experi- 
ment Station. It was used on approximately 1,000 samples from more 
than 300 different lots of commercial hops and gave satisfactory re- 
sults. Results were entirely satisfactory. Experience shows that one 
man can determine the percentages of stems, leaves, seeds, and strigs 
of 25 20-gram samples in one 8-hour day, using only 3 pints of methyl 
alcohol. 

SUMMARY AND CONCLUSIONS 

To determine accurately the percentage of vSeeds in commercial 
hops, the lupulin must be removed. Lupulin is the sticky, yellow 
material which adheres to the seeds and the bases of the bracts mak- 
ing accurate separation difficult.. 

The use of methyl alcohol used as a solvent appears to be the most 
satisfactory method of those tried. The short time and the small 
amount of equipment and materials required, the simplicity of the 
method, and its accuracy are definite advantages. This inethod is 
definitely more accurate for determining percentages of strigs than 
the heat methods, which tend to cause the strigs to become so brittle 
that they break and are lost in threshing. 

Heating 2 hours at 115° C appears to be as satisfactory as heating 
6 hours at 105'^ G. 

Twenty-gram samples are easy to handle, and according to the 
probable errors obtained, they are sufficiently accurate to be depend- 
able. ' /■ , ■ ■ 


THE USE OF CROP RESIDUES FOR SOIL ARB MOISTURE 
CONSERVATION^ 

F. L. Duley and J. C. Russel^ 

M ethods of crop production in the Great Plains have been 
greatly improved during the last 40 ^J^ears. There remains, 
however, much to be done from the standpoint of reducing the num- 
ber of crop failures. The hazards encountered in Great Plains agri- 
culture are due not so much to the fact that the total rainfall is low 
as to its uneven seasonah distribution, high summer temperatures, 
and frequent extended periods of drought. The fact that most of the 
precipitation comes during the warm season makes it difficult to get 
deep peneti*ation of water into the soil because of excessive evapora- 
tion losses. The total loss of water by evaporation in the Great Plains 
may equal or exceed the amount used by the crop and may be two to 
four times as much as the water lost by runoff. 

Any method for increasing the efficiency of Great Plains rainfall 
should include the possibilities for improving moisture conditions by 
reducing the rate and amount of evaporation of water from the soil 
surface. Although, the losses due to runoff may be the more easily 
controlled, if some practical method could be devised that would 
reduce simultaneously the moisture losses from runoff and from evap- 
oration, it would be a definite step toward maximum efficiency of 
rainfall utilization. 

In the experiments herein reported an attempt is being made to’ 
utilize crop residues directly to increase the efficiency of rainfall for 
plant production in regions of low precipitation. Under the present 
system of harvesting most of the small grain and some sorghums 
with combines, much more crop residue than formerly is left on the 
land. Furthermore, these residues are spread quite evenly over the 
surface of the fields. It has long been known that debris of any sort 
on top of the ground will increase the intake of water and also reduce 
evaporation. Recent results obtained by Duley and Kelly (2)® 
through the artificial application of water have shown that the 
stubble and straw residue left by the combine is very effective in 
increasing the amount of infiltration that takes place during rains. 
Compared wdth cultivated bare soil, even a light covering of crop 
residue will greatly increase the amount of water entering the soil 
and will also reduce the evaporation loss of soil moisture. Erosion by 
either wind or water may be reduced to a minimum or practically 
eliminated where there is an appreciable amount of crop residue on 
top of the soil. 

^Contribution from the Soil Conservation Service, U. S. Dept, of Agriculture, 
and the Nebraska Agricultural Experiment Station, Lincoln, Nebr,, cooperating. 
Published with approval of the Chief of Research, Soil Conseravtion Service, and 
the Director of the Nebraska Agricultural Experiment Station. Journal Series 
No. 232. Received for publication May 5, 1939. 

^Senior Soil Conservationist and Cooperative Agent and Professor of Agron* 
omy, University of Nebraska, respectively. 

^Figures in parenthesis refer to “Literature Cited’’, p. 709. 
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UNCROPPED PLATS 

111 order to test the effect of crop residues on the amount of moisture 
that could be stored in uncropped land during the season, plats were 
started in the spring of 1938 with the treatments shown in Table i. 
These plats ivere located at the Agronomy Farm, Lincoln, Nebraska, 
on a heavy subsoil Marshall silt loam with a slope of about 5%, 


Table i.-^The effect of straw and different tillage treatments on the storage of 

water in the soil. 


Plat 

Treatment* 

Rainfall conserved 

Depth of water 
penetration, 



No. ■ 


Surface 

inches 

■% 

feet 

r 

Straw, 2 tons disked in 

6.92 

387 

5 

2 

' Land disked, no straw 

349 

19-5 

4 

3 

Straw, 2 tons on the surface 

972 

54«3 

6 

4 

Straw, 2 tons plowed in 

6.12 

,34«2 

5 

5 

Land plowed, no straw 

371 

20.7 

4 

6 

Decayed straw, 2 tons plowed in 

3.12 

174 

4 

7 

Basin listed 

4-95 

27.7 

5 


second aijplication of sti‘aw was made to these plats on Angust 9. 1938- 


Samples were taken to a depth of 6 feet on these plats April 23, 
May 24, July 14, August 9, and September 8. The samples were from 
four separate locations in each plat. They were taken in foot sections 
except the surface layer which was divided into two 6“inch sections. 
Weeds were kept down on the plats by hoeing except where the straw 
•was on the surface. Here the cultivation was done by means of a 
broad duckfoot cultivator with sweeps 22 inches across which has 
been devised to cultivate the land and leave the crop residue on the 
surface. (See Figs, i and 2.) 

The results from this phase of the work have been summarized in 
Table i by showing the total accumulation of moisture under different 
methods of fallow during the season between April 23 and September 
8, 1938. During this time 17.9 inches of rain fell and the amount of 
moisture saved under each treatment is showm as percentage of total 
rainfall, in surface inelies, and in depth of penetration of the wsiiet in- 
to the soil. ■’ 

It will be noted from Table i that where straw was applied on the 
surface 54-3%i or g. 72 inches, of water was saved during the season. 
When this is compared with ordinary methods of clean fallow reported 
on plat 5, it will be seen that the moisture saved is more than two and 
* one-half times that on the plowed land. The moisture saved on bare 
fallow is in line with results of other work done on some of the dry 
land experiment stations (i, 4). The moisture saved when the straw 
was disked in or plowed in was much more than on land plowed with- 
out straw, because a considerable amount of straw was left sticking 
out which protected the surface and reduced runoff. The moisture 
saved where the straw was plowed under was less than on land where 
the straw was on the surface or simply disked into the top soil. 











Fig. I .—Broad sweep^ shove! for cultivating soil with crop residues on the 
surface. This tool will kill weeds, ciiltivate the soil, and leave the debris on 
top of the ground for protection against runoff, erosion, and evaporation. 
This type of shovel with a higher and more curved shank has been fitted to 
a tractor-drawn heavy-type, duckfoot cultivator and used successfully on 
combine-stubble land. 


Fig. 2. — Straw-covered plat which has been cultivated with broad duckfoot 
cultivator. Note that the straw has been left evenly distributed over the 
surface.'"," ■ ■ 


It vShould be further noted that on plat 6, where the decayed organic 
matter was plowed under, there was no advantage so far as moisture 
conservation is concerned over plowing with no straw. 

The results with basin listing are of particular interest because on 
this land there was no runoff, yet the amount of water conserved 
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during the season was only half the amount stored under straw. This 
emphasizes the fact that preventing runoff is not the full solution for 
the moisture problem in the Great Plains. On this plat the losses due 
to evaporation from the convoluted bare surface tended to offset the 
gains due to the prevention of runoff". The basin listing did, of course, 
prevent erosion, but this was also true where the straw treatments 
were used. The results indicate that in both the plats where straw 
was left on or near the surface, there was a decided saving of moisture 
over that on the basin listed land. 

CONSERVING MOISTURE IN PREPARATION OF A WHEAT 
SEEDBED 

In order to obtain further information on the effect of crop residues 
in moisture conservation and also to determine their effect on crop 
yields, experiments are being started in which mse is being made of 
the residue from different crops in conserving moisture in the soil. A 
rotation of corn, oats, and wheat is being used in which the straw 
from the small grain crops and the corn stover will be returned and 
maintained on the surface for a time to aid in soil and moisture con- 
servation. Following the oats crop in 1938 the straw was removed 
and in its place a weighed amount of wheat straw was returned 
amounting to 2 tons per acre. This was done on August i, at which 
time soil moisture samples were taken and the treatments shown in 
Table 2 -were applied to triplicate plats. During the period August i 
to September 21, the rainfall was 8.34 inches. In Table 2 is also given 
the amount of rainfall saved in surface inches and in percentage of 
the total rainfall, and also the depth of penetration of moisture into 
the soil. 


Table 2. — The effect of straw and different tillage treatments on the storage of 
water in stubble land being prepared for winter wheat, Aug, j to Sept, 


Plat 

No. 

Treatment 

Rainfall conserved 

i\.verage 
depth of 
water pene- 
tration, feet 

Surface 

inches 

% 

I 

Straw, 2 tons on surface, land worked 
with one-way disk 

4,16 

49*9 

■ .-2.7 . , ; 

2 

Straw, 2 tons on surface, worked, with 1 
sub-surface duck-foot cultivator 

4«05 

48.6 

; 2,6. 

3 

Straw, 2 tons, basin listed 

3.80 


'2.8 

4 

! Straw, 2 tons, plowed in 

3-04 

36.4 

1' . 2.1, 

■ 5 

! No straw, land plowed 

r.87 

■ 22.4 

.6', 


It will be noted that where the straw was left on top or disked into 
the surface, almost half of the rainfall was held in the soil. The basin 
listing in this case stored 45*6% of the rainfall, which was more 
nearly equal to the amount saved by the straw treatments than was 
the case in the uncropped series reported in Table 1. Where the straw 
, was plowed in, even though a certain amount of straw was not com- 
pletely covered, the saving of moisture dropped to 36.4% and where 
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the straw was removed and the land plowed the amount of moisture 
saved was only 22.4%. On the land where the straw was on or near 
the surface water penetrated well into the third foot. This was also 
the case where the land was basin listed, but here the moisture was 
deeper under the furrows than under the ridges. Where the land was 
plowed, moisture was down only slightly below the 2-foot level and 
on the land plowed after the residue had been removed, water had 
reached only 1.6 feet. Work done on the dry-land experiment stations 
in the Great Plains has shown that the depth of penetration is of 
much importance for the following wheat crop (3). A distinct ad- 
vantage has been gained both in total water saved and in depth of 
penetration where the crop residue has been left on the surface of the 
ground. 

CROP RESIDUES ON CORN LAND 

The idea of protecting the surface of the soil from runoff and 
evaporation and thus obtain a maximum conservation of water 
throughout a whole cropping system was extended to a series of corn 
experiments conducted during 1938. Wheat straw at rates of 2, 4, and 
8 tons per acre was applied on the surface of the soil having a slope 
of about 5% that was to be planted to corn. Some of these rates are 
very high, and they were used mainly for the purpose of determining 
the maximum effects on moisture conservation and also for the pur- 
pose of determining whether such applications might have any detri- 
mental effects on the growth of corn resulting from a reduction of the 
available nitrogen or other plant food material. In these tests the 
furrows for corn were made by means of disk furrow openers and the 
straw was applied by hand between the rows. When the corn was 
cultivated, the small ridge of soil thrown out in making the furrow 
was pulled back around the com in order to free the row of weeds. 
The land between the rows was relatively clean and required very 
little cultivation. The cultivation that was finally given was by means 
of a heavy hoe drawn underneath the straw cutting only about an 
inch of soil. These straw-treated plats were compared with plowing 
and with basin listing. All of the plats were on the contour on an 
approximate 5% slope. 

Results obtained in this first year's test should be considered only 
preliminary. In the first place, the 1938 season was unfavorable for 
corn in this part of Nebravska and grasshoppers did considerable 
damage. Methods of cultivation adapted to corn land with a con- 
siderable amount of debris on the surface have not yet been perfected. 
The total yield of air-dry fodder was low, but there were some differ- 
ences which are of interest in connection with this whole idea of soil 
and moisture conservation by the more effective use of crop residues. 
Table 3 shows the treatments, which were carried out in quadrupli- 
cate, the yields of fodder, and the surface inches of water stored by 
these different treatments to a depth of 6 feet in excess of that stored 
by the check plats. 

No measurements of runoff or erosion were made on these plats. It 
was observed, however, after different rains during the season that a 
considerable amount of runoff and erosion had taken place on the 
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Table ^.—Tke effect of straw treatments 07 i yields of cor 71 fodder and storage of 
soil moisture, May 18 to Sept. 27, jQsS. 


Plat 

No. 

Treatment 

■ 

Yields of 
air-dry 
fodder 
per acre, 
lbs. 

Relative 

yields, 

% 

Moisture storage 
due to treatments 
in excess of 
check, 

surface inches 

■ I 

Land plowed and planted with 





frirrow openers 

3.890 

100 

— 

2 

Basin listed 

4,270 

109 

0.23 

■3 ,i 

Straw, 2 tons per acre between 





rows 

4,870 

125 

1.42 

4 ! 

Straw, 4 tons per acre between 





rows 

5,080 

130 

.2.87 

'■5 

Straw, 8 tons per acre between 


' 



rows 

5,350 

137 

3.20 


check plats. Soil had been carried across these plats and deposited 
in the first row of the straw-covered plat below. There was no evi- 
dence of either runoff or erosion on any of the mulched plats. 


DISCUSSION OF REvSULTS 

While the results reported in this paper must neceSvSarily be con- 
sidered as preliminary in nature and ax’e presented only as a progress 
report of this work, there are certain rather fundamental consider- 
ations regarding moisture conservation that seem to be indicated. 

In the first place, leaving crop residues on the surface of the ground 
appears to be a very effective and practical method of conserving soil 
and soil moisture in the Great Plains. Used in this way they may be 
expected to have the following beneficial effects: (a) Greatly increase 
infiltration and thereby reduce the amount of runoff; (b) reduce 
evaporation from the surface soil; (c) reduce the amount of water 
erosion ; and (d) reduce the amount of wind erosion. 

It is also recognized that this organic debris left on the surface of 
the soil for an extended period may have many other physical, chem- 
ical, and biological effects, some of which may be favorable and some 
unfavorable to crop production, but no attempt will be made here 
to discuss any of these factors. The decayed part of the residue as 
well as a certain amount of undecomposed material would, of course, 
be gradually worked ^ into the soil by whatever cultivation practice 
that may be used. This decayed organic matter incorporated -with the 
soil may aid in the maintenance of fertility, but in these tests it had 
little effect on the storage of soil moisture. 

These tests, along with much practical experience by farmers, 
would seem to emphasize the importance of continuous protection of 
land in the Great Plains, either by a growing crop or by the use of 
crop residues on the surface until another crop can be started. 

The results reported in this paper indicate that for storing and con- 
serving moisture in the soil, protecting the land with plant residues 
when available in sufficient quantity may be a much more efficient 
method than is the use of clean or “black** fallow now so generally 
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used throughout the regions of low rainfall. It must be remembered 
that a cultivated bare soil is the surface condition in which land is 
most likely to lose excessive amounts of water by runoff, peiniiit the 
greatest loss by evaporation, and submit the soil to the greatest pos- 
sible hazard from erosion by either wind or water. 

When all these things are considered, it would seem that the proper 
utilization of crop residues on the surface of the soil may offer a simple 
and practical method for reducing runoff and erosion. By increasing 
infiltration and reducing evaporation losses a more efficient use may 
be made of the rainfall, which appears to be absolutely necessary for 
the maintenance of a stable and permanent agriculture in the Great 
Plains. 
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THE BREEDING OF IMPROVED SELFED LINES OF CORNi 
H. K. Hayes and I. J. Johnson^ 

C ommercial and experiment station plant breeders are of the 
opinion that there will continue to be a rapid increase, in the use 
of hybrid corn until the greater part of the field corn acreage in the 
United States is planted to hybrid varieties. The reasons for the rapid 
expansion of hybrid corn are rather well known. The primary cause 
is the greater efficiency of adapted hybrids in yield per acre, ability 
to withstand lodging, uniformity of maturity, disease resistance, and 
other important characters. 

The explanation of hybrid vigor was placed on a Mendelian basis 
by Jones (7)^ and the results of experiments by Richey and others 
(8, 9) have given some evidence that lends added support to this 
explanation. If the Mendelian explanation proves the con’ect one, it 
furnishes a genetical basis for the belief that improved inbred lines 
can be developed by the same plant breeding methods that have been 
so successfully applied to self-pollinated crop plants. 

Most of the inbreds already used in commercial hybrids have been 
obtained by self pollination and selection from commercial varieties. 
All inbred lines of field corn now available are much less vigorous 
than the normal varieties from which they were selected. An inbred 
line may be far superior, however, to the commercial variety from 
which it was selected in some one character, such as ability to with- 
stand lodging or disease resistance. The major difference in the breed- 
ing of improved selfed lines of corn from crosses between available 
inbreds and subsequent selection in self-pollinated lines and the breed- 
ing of improved varieties of self-pollinated plants is the necessity of 
controlling pollination in corn. 

After a wide collection of selfed lines has been selected from nor- 
mally pollinated adapted varieties and from other breeders, three 
rather specific methods of breeding are available in the development 
of improved inbreds. These are the pedigree method, backcrossing, 
and convergent improvement. Backcrossing and convergent improve- 
ment are being used extensively by many com breeders. Convergent 
improvement is a method of double backcrossing and, as originally 
developed by Richey (8), was suggested as a method for testing the 
Mendelian explanation of hybrid vigor. In its application , to plant 
breeding it was proposed as a means of improving each of two inbred 
lines without materially changing their combining ability in an Fi 
cross. 

Backcrossing appears a logical method when one desires to add one 
or two characters which a variety or inbred line lacks and to retain 
the many desirable characters of the variety or inbred line used as 
the recurrent parent. This can be accomplished most easily when the 
character to be added is simply inherited. Most inbred lines are great- 

^Contribution from the Division of Agronomy and Plant Genetics, University 
of Minnesota, St. Paul, Minn. Paper No. 1709 of the Journal Series, Minnesota 
Agricidtural Experinaent Station. Received for publication May 13, 1939. 
j . f:^Chief and Associate Professor, respectively. 

^Figures in parenthesis refer to “Literature Cited", p. 723. 


HAYES AND JOHNSON: CORN BREEDING ; 711 

ly lacking in growth vigor when compared with normal varieties. It 
seems probable that multiple factors are responsible for growth vigor. 
Inbred lines, therefore, may differ from each other and from normal 
varieties by many inherited factors. Under these conditions the pedi- 
gree rnethod of breeding used so extensively in breeding improved 
varieties of self-pollinated plants seems equally satisfactoiy as a 
method of breeding improved selfed lines of corn. The purpose of this 
paper is to report some of the results obtained from the pedigree 
method as used to breed improved selfed lines adapted to Minnesota 
conditions. 

MATERIAL AND METHODS 

Commercial varieties of corn grown in Minnesota are, in general, lacking in 
ability to withstand lodging and for this reason selection for lodging resistance 
has been made since 1915 when selection in self -fertilized lines was first under- 
taken. Several inbred lines were obtained from Minnesota commercial varieties 
during 1915 to 1928 that were superior to the avei*age in non-lodging ability. In 
addition, several inbreds from other breeders were selected that were outstanding 
in ability to withstand lodging. Grosses were made in sitch a manner that in nearly 
all cases one of the parents in each cross excelled in ability to withstand lodging 
and in resistance to smut. Pedigree selection w^as practiced from the Fa to Fe 
generation for vigor of growth, ^arliness of maturity , ability to withstand lodging, 
smut resistance, and other characters. 

A considerable number of the inbred lines used as parents in these crosses 
were studied by Hall (4), who summarized the lodging indices of the inbreds 
using data furnished him from the breeding plats during 1927 to 1930, and who 
took further data on lodging from 1931 to 1933, inclusive. In Table i the parental 
lines are placed in various groups on the basis of strength of stalk and smut 
reaction. The smut reaction is on the basis of average smut infection taken in 
i*ecent years, 1935 to 1937, inclusive. 


Table i . — Lodging and smut reaction of mbreds used as parents of crosses. 


Inbred line 

Former 

culture 

Variety source 

Smut re- 
action, % 

Lodging 

index* 

A9 

C49 

Minn. No. 13 

9 


A2 

C43 

Minn. No. 13 

40 

.. I*-.;;,': 

A12 

cu-28 

Minn. No. 13 

18 

s 

A48 

64 

N. W. Dent 

28 

s 

A39 

15-28 1 

Rustler 

■ . 33 , ■ 1 


A26 

9-29 

Osterl and' s Dent 

6 

s 

A25 

8-29 

Purdue Dent 

24 

s 


*S » strong stalk; I -intermediate. 


Crosses made in 1929 were as follows: A48 with A9, A12, and A39; A9 with 
A39 and A26; Ai 2 with A39; and A39 with A25 and A26. In addition, a few 
cultures were grown from crosses made at the Waseca branch station including a 
cross of A48 XH and A48 X4-29, crosses between an inbred culture of N.W. Dent 
with an inbred from Reid’s Yellow Dent and Silver King, respectively. It will be 
noted that one of the parental inbreds excelled in smut resistance in most crosses 
made. Selection in self-pollinated lines was practiced from Fj to F6, inclusive, the 
number of ear cultures grown each year, showing the extent of the studies, were 
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as follows: F^, 729; F4, 538; Fj, 198, In addition to these crosses 75 to 100 ear 
progenies were grown of crosses between A2 with inbred cultures 46 and 47 from 
Minn. No. 13, these crosses being made originally to select lines that were re- 
sistant to Gihherella sauhinetU in seedling stage, culture A2 being outstanding 
in this respect. Besides selecting inbreds from crosses, further selection was made 
in inbred lines of Minn. No. 13, Golden Gate, and a late strain of Minn. No. 13 
known as Kalmoe. 

The 7 parental inbred cultures given in Table i, 13 new inbreds selected in 
Minnesota from commercial varieties, 4 inbreds introduced from Wisconsin, 16 
inbreds from crosses of A2 with inbreds 46 and 47 selected from Minn. No. 13, 
and 70 inbreds selected by the pedigree method from crosses between inbreds 
that excelled in ability to withstand lodging were used in studies of the relation 
between the characters of inbreds and their combining ability. 

These inbreds were grown at University Farm during 1935 1937- The no 

individual cultures were grown in short row plats of approximately 25 plants 
each, in single plant hills spaced i foot apart, two replications in randomized 
blocks being used for each inbred line. Data were taken on each plat separately 
and results for the three years were averaged to give the average expression for 
14 characters of each of the inbred lines. vSepai'ate analyses of variance were made 
for each of these characters and in each case significant variability between inbred 
lines was found. 

The characters studied need not be described in great detail. They included 
date silked, plant height, ear height, leaf area, pulling resistance, root clump 
volume, stalk diameter, total brace roots, tassel index, pollen yield, percentage of 
smutted plants, ear shank length, yield index, and length of ear. Many of these 
characters required only a simple measurement and need not be described. 
Pulling resistance refers to number of pounds required to pull a plant from the 
ground. Root clump volume is the number of cubic inches obtained by multiplying 
(width)® X7r/4 X depth of clump. Total brace roots is the actual number of brace 
and secondary roots established in the soil. Tassel index was placed on a reading 
of from I to 4, measuring the number of tassel branches and general vigor of 
tassel development with 4 representing the most vigorous class. Pollen yield was 
measured in cc after collecting pollen by bagging the tassel. Yield index was 
measured in percentage of the average of all cultures and expresses the relative 
ability of inbred lines to produce seed when self pollinated, cross pollinated, or 
under normal held pollination. Certain of the characters of inbreds obtained from 
the various crosses were summarized in frequency tables to show the extent to 
which it was possible to produce improved inbred lines by the methods employed. 

Each of the no inbreds was crossed with Minn, No. 13, using the inbred as 
the female and the inbred- variety crosses were compared in yield trials made 
during 1936 and 1937, tests in 1936 being made in Meeker County only and in 
1937 3-^ the Morris branch station and in Meeker County . Each trial was made in 
randomized blocks using approximately 20 inbred- variety crosses per block, and 
including also Minn. No. 13, Minhybrid 401, and 402, three replications being 
made at each locality. In all cases results for each inbred variety cross are based 
upon the average of trials in at least two localities. When trials were available for 
only two localities the results were corrected on the basis of performance of check 
varieties. Yielding ability and moisture percentage at husking of the inbred- 
variety crosses were expressed as percentages of the average for the checks. 
Plant height in inches, ear shank length, percentage smut infection, ear length, 
number of rows per ear, good ears per plant, and shelling percentage were also 
recorded. 
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Simple product moment correlation coefficients were computed to express the 
relationship between certain characters of inbred lines and their expression in 
inbred- variety crosses. 

Ten of the 14 characters of the inbreds that by means of correlation coefficients 
showed a significant association between the characters as expressed in the in- 
breds and yielding ability in inbred-variety crosses were correlated with each 
other. A multiple correlation coefficient was computed to show to what extent 
the variability in yield of the inbred- variety crosses was dependent upon measur- 
able character differences of the inbred lines. 

Inbred lines, obtained by the pedigree method of breeding from crosses be- 
tween inbred lines as the original source, were selected that had better than aver- 
age combining ability in the inbred-variety crosses. The origin of inbreds used in 
these crosses is as follows : 

Inbred Cultures Selected 
A94, A96 
A90 
A99 

A102, Am, A116, A122, A124 
A131 

A136, A143, A145, A146 
A148 

A158, A163 

Single crosses between inbreds were made in such a manner that the primary 
difference betw^een groups related to the origin of the inbreds. Group I consisted 
of crosses between inbreds with no parents in common, illustrated by A94 XA99; 
group II had one parent in common, as illustrated by A90 XAi 1 1, with the inbred 
parent A9 in common; and group III had both parents in common, as illustrated 
by the cross A102 X Ai r I . 

Yield tests of the single crosses were made at University Farm, St. Paul, the 
Morris branch station, Meeker County, and Breckenridge. Single row |)lats of 
12 hills each were planted for each cross and the check varieties. Randomized 
blocks were used, with three replications at each locality. Four check varieties, 
consisting of the Morris and University Farm strains of Minn. No. 13 and Min- 
hybrids 401 and 402, were included in each block. Perfect stand hills were har- 
vested surrounded by corn and the final yields and moisture content were placed 
on a percentage basis of the average of the four check varieties. 

EXPERIMENTAL RESULTS 

BREEDING IMPROVED INBREDS 

Pulling resistance was found by Hall (4) and others to be corre- 
lated with ability to withstand lodging, and accordingly pulling re- 
sistance gives some indication of the desirability of the inbreds 
selected from crosses. The inbred lines are classified in Table 2 for 
pulling resistance. 

It will be noted that the first five parental inbred lines in Table 2 
originate from Minnesota varieties and are not particularly out- 
standing in pulling resistance. Inbred lines introduced from Purdue 
and Wisconsin, A25 and A26, are much superior to the Minnesota 
inbreds in pulling resistance. Many of the inbreds selected from 


Original Cross 
A48XH 
A48XA9 
A9 XA39 
A9 XA26 
A12XA39 
A39 XA26 
A2 X46 
A2 X47 
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Table 2. — Pulling rasistmce of inbred lines in relation to origin {average 
IQ35-37), University Farm. 


Origin of lines 

No. of lines in classesfor resistance to pullin; 

g in lbs. 

100 

150 

200 

250 

300 

350 

Total 

A9. 

— 

I 

— 




I 

A. 2 , . 

• — 

I 

— 

— 

— 


I 

AI2 

— 

I 

— 

— 

— 

— 

I 

A48 

I 

— 

— ■ 

— 

— 

— 

I 

A39 


I 

— 

— 

— 

— 

I 

A26 

___ 

— 

— 

I 

— 

— 

I 

A25 

— 

: — 

— 

— 

— 

I 

I 

Total 

I 

4 ; 

— 

I 

— 

I 

7 

Minn, No. 13 

I 

2 

I 

— 

— ■ 

— 

4 

Golden Gate. 

I 

2 

2 

— 

— . 

— , 

5 

Kalmoe. 

— 

3 

I 

— 

— 

.. — 

4 

Wisconsin 


I 

— 

2 

I 

— 

4 

Aa X46. 

3 

4 

I 

— 

, — 

. — 

8 

A2X47. 

3 

4 

I 


• — ■ 

— 

8 

A48XA9 

I 

3 

3 

— 

— 

— 

7 

A9XA39 

— 


I 

' — 

I 

— 

2 

A9XA26 

2 

3 

17 

I 

■ — 

— 

23, 

Ar2XA39 

— 

4 

3 

. — 

— 

— ■ 

7 

A39XA26. 

I 

I 

13 

2 

2 

■ 

19 

A39XA25 — 

— 

I 

6 

— 

— 


7 

A48XH...... .. 

I 

I 

3 

— 



5 

Total 

13 

29 

52 

5 

4 

— 

103 


crosses were intermediate in pulling resistance and they are superior 
on the average to those obtained from selfing and selection from Min- 
nesota adapted commercial varieties, including Minn. No. 13, 
Golden Gate, and Kalmoe’s No. 13. Root clump volume was studied 
in a similar manner. Thirty-five of the inbred lines obtained by the 
pedigree method of breeding from crosses were outside of the range 
. of inbreds selected from Minnesota varieties and 14 of these were the 
equal in root volume of Ass or A26. 

_ Percentage of smut of the inbred lines is given in Table 3. Selec- 
tion for smut resistance was made during the segregating generations. 
Selfed ears from smut-free plants were used in propagating the cul- 
tures and selection was made also for cultures that were least severely 
infected with smut. 

Seventy-one of 103 new inbred lines recorded in Table 3 were placed 
in the two lower classes for smut infection, while only 3 of the 7 
original inbred lines used as parents were placed in these classes. 
From a considerable number of years experience it seems fair to con- 
■ elude, that under the conditions of the experiment, a large proportion 
of the new inbreds is superior to normal Minnesota No. 13 and 
Rustler in resistance to smut. 
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Table 3. — Smut percentage of inbred lines in relation to tkeir origin {average 
^935~'37)^ University Farm, 


No. of lines in smut percentage classes 



5 


23 

32 

41 

50 

Total 

A9 

I 

— 

, 

■ , 




I 

A2 

— 

— 

— 

— 

I 

— 

I 

AI2. . 

■ — 

I 

— 

— 

— 


r 

A48 

— 

— 

— 

I 

— 

— 

1 

A39- ■ 

— 

— 

— 

I 

— 

— 

I 

A26. . 

I 

— 

— 

— 

— 

— 

I 

A25 

■ 

— 

I 

— 

. — 


I 

Total 

2 

I 

I 

■ 2 

I 


7 

Minn. No. 13 





i ___ 

2 

' '2 ' 

, — 

4 

Golden Gate. . 

— 

3 

2 

■ — 

— 

, — i 

5 

Kalmoe 

I 

2 

— 

— 1 

I 

— ^ 

4 

Wisconsin 

4 

— 

— 

— , 

— 

— 

4 

A2 X46. 

6 

I 

I 

— 

— 

. 

8 

A2X47 • 

2 

3 

I 

2 

— — 

— , 

8 

A48XA9. 

2 

4 

I 

— 


— 

7 

A9XA39 

— . 

I 

— 

I 

— . 


2 

A9XA26. 

9 

9 

,2 

3 

— 

— 

23 

A12XA39 

— - 

2 

3 

2 

— - 

— 

7 

A39XA26. 

7 

S 

I 

2 

I 

' — 

19 

A39X A25 . . 

I 

2 

2 

I 

. _ 

I 

7' ■ 

A48XH 

— 

4 

— 

— 

I 

— 

5 : 

Total... 

32 

39 

13 

13 

5 

I 

iro 


COMBINING ABILITY OP INBREDS 

The combining ability of inbreds was determined by crossing each 
with Minnesota No. 13, using the method that has been accepted 
rather generally (2, 3, s, 6), as a means of discarding lines of low com- 
bining ability. In most cases data are available from trials in Meeker 
County during 1936 and 1937 and at the Morris branch station in 
1937. For two of the parental inbreds, Ax 2 and A48, data were ob- 
tained only at Meeker County in 1936. Unfortunately, inbreds_46 
and 47 were not tested in these top crosses, hence their combining 
ability can not be compared with that of the 16 inbreds descending 
from crosses involving these two lines. The results are shown in 
Table 4. . 

For the purpose of comparison the six frequency classes for com- 
bining ability can be divided into two groups,^ three lower classes 
including the parental inbreds selected from Minnesota No. 13 and 
Northwestern Dent and three upper classes including A3 9 selected 
from Rustler, A26 from Osterland’s Dent, and A2S from Purdue 
Early. Inbreds selected from the cross of A48X Ap, both low com- 
bining parents, were somewhat superior to the parents, on an average, 
in combining ability. Crosses of A9XA2 6 and A12XA39 were made 
between inbreds, one parent in each cross being of low combining 
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Table 4 .- — Yielding ability in percentage of the checks of inbred-variety crosses 
in relation to the origin of the inbred lines. 





Yield classes in percentage 

Variety source 

Origin of lines 

— 









72 

83 

94 

105 

116 

127 

Total 

Minii. No. 13 

A9(49) 

__ 

I 

. — 

— 

— 

— 

I 

Minn. No. 13 . . . 

A2(43) 

— 

— .... 

I 

— 

— 

— , 

I 

Minn. No. 13 

Ai2*(h~28) 

— 

— 

I 

— 

— 

— 

I 

N. W. Dent... 

A48*(64) 

— 

I 

— 

— 

— 

— - 

I 

Rustler 

A39 (i 5-28) 

— 

— 

— 

— 

— 

I 

I 

Osterland's Dent. ...... 

A26(9“29) 

— 

— 

— 

T 

— 

— 

I 

Purdue Early . ....... . . 

A25(8--29) I 

: 

— 


— 

~ 

I 

I 

Total. 


j 

2 

2 ' 

I 


2 

7 

Minn. No. 13 

Long Time Selfed 



I 

2 

I 




4 

Golden Gate 

Long Time Selfed 

: — 

I 

3 

r 

... — 

— 

■ 5 

Kalmoe 

Long Time Selfed 

— 

I 

2 

I 

— 


4 

Wis. lines. 

Long Time Selfed 

: — 

— , 

I 

2 

I 

— 

4 

Minn. No. 13 

A2X46 

— 

2 

3 

3 

— 

— 

8 

Minn. No. 13 . . 

A2X47 

— 

— . 

2 

4 

I 

^ I 

8 

Crosses between inbreds 

A48XA49 

: 

I 

4 

2 



7 

Crosses between inbreds 

A9XA39 




2 

— 


2 

Crosses between inbreds 

A9XA26 

I 

— ~ 

5 

12 

5 


23 

Crosses between inbreds 

A12XA39 

— . 


I 

5 


I 

7 

Crosses between inbreds 

A39XA26 


— 

— 

5 

14 



19 

Crosses between inbreds 

A39XA25 

— 

— 

— 

3 

3 

r 

7 

Crosses between inbreds 

A48XH 

— 

— 

— 

2 

3 

— 

5 

Total 


I 

6 

23 

43 

27 

3 

no 


*Inbred- variety cross yield 1936 only. 


ability while the other parent was in one of the three upper classes in 
combining ability. A12 proved superior to A9 in combining ability 
while A3 9 was superior to As 6. There seems to be some indication 
that inbreds of high combining ability can be selected relatively 
frequently from crosses of this nature. Twenty-six inbred lines were 
selected from crosses between A3 9, of extremely high combining 
ability, with A26 placed in class 105 for combining ability and from 
A3 9 with A2S where both parents were superior in combining ability. 
All 26 inbreds selected from these crosses were in the upper three 
classes for combining ability. There is considerable evidence that leads 
to the conclusion that the combining ability of inbreds selected by the 
pedigree method is associated with that of the inbred parents, 

RELATIONSHIP BETWEEN CHARACTERS OP INBREDS 
AND OF INBRED-VARIETY CROSSES 

The characters of the inbreds were detemrined from data collected 
from small plats grown at University Farm with two replications 
e^ch year during 1935 to 1937- Data on inbred-variety crosses were 
obtained at three localities, although in several crosses the yield trials 
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were conducted in two localities only. Correlations between charac- 
ters of the no inbreds and their inbred variety crosses are given in 
Table 5/ 


Table Correlations between characters of 110 inbred lines and similar 
characters in inbred-variety crosses. 


Inbred character 

Inbred-variet}^ cross character 

r 

Date silked 

Moisture percentage at husking 

0.5746 

Plant height 

Plant height 

0.3677* 

Smut percentage 

Smut percentage 

0.4638 

Ear length 

Ear length 

0.4661 

Shank length 

Shank length 

0,5431 


'I'Air correlations exceed the i % point. 


Correlation coefficients were computed for average da.te of silking 
of the inbreds and moisture content at husking of the inbred- variety 
crosses, while the extent of correlation between plant height, smut 
percentage, ear length and shank length was determined for the same 
characters in the inbred and in the inbred variety crosses. The corre- 
lations in Table 5 are all positive and exceed the 1% point in level of 
significance, the extremes being 0.3677 for plant height and 0.5746 
for that between date of silking of the inbreds and moisture percent- 
age of the crosses. 

Correlations were computed between the yielding ability of inbred- 
variety crosses and other characters of the inbred-variety crosses, 
including moisture percentage at husking, plant height, shank length, 
percentage of smut infection, ear length, rows per ear, good ears per 
plant, and shelling percentage. With significant values at the .05 and 
.01 points of 0.188 and 0.246, respectively, the following significant 
positive correlations were obtained : Between yield and moisture con- 
tent at husking, 0.3146; between yield and ear length, 0.5257; be- 
tween yield and good ears per plant, 0.21 17, while there was a nega- 
tive correlation between yield and percentage of smut infection of 
-0.2155. Associations between the yields of inbred-variety crosses and 
plant height, number of rows per ear, and shelling percentage of the 
inbred- variety crosses ranged from -0.0234 to -f 0.0526, showing no 
significant association. 

All possible correlations between 13 characters, 12 of these being 
characters of the inbred lines and the other being the yielding ability 
of the inbred-variety cross, were computed and the results are given 
in Table 6 . 

Ear length of the inbreds did not give a significant correlation 
coefficient with any other characters except yield index of the inbreds, 
pollen yield, and yield index of the inbred-variety crosses. Nearly all 
other interrelations between character (Table 6) gave positive corre- 
lations of significant value. Date of silking of the inbreds was signifi- 
cantly correlated with all other characters except yield index of the 
inbreds and ear length. All of the measurable characters that represent 
growth vigor showed in general a positive association with each other. 
All 12 characters of the inbreds given in Table 6 gave positive and 
significant correlations with yield of the inbred-variety crosses and 


Total cortelations between 12 characters of the no inbreds and yielding ability of inbred-variety 
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all exceeded the .01 point except the correlation between tassel index 
of inbreds and the yield of inbred-variety crosses. 

A multiple correlation was computed between the yield of inbred- 
variety crosses and the 12 characters of the inbred lines given in 
Table 6. An R value of 0.6660 was obtained, while the value of R at 
the 1% point for degrees of freedom of 100, i.e., 3 greater than in the 
problem, was .470. Using the square of 0.660, or 0.4435, we may con- 
clude that 44% of the squared variability in yield of the inbred- 
variety crosses was dependent upon the 12 characters of the inbred 
parents in the inbred-variety crosses. 

It is generally known that there is a direct correlation, other things 
being equal, between length of growing season to maturity and yield- 
ing ability. The multiple correlation coefficient, holding constant date 
of silking, was calculated by means of a formula given by Tappan 
where 


I-R2 


15.2,3,4,5,6,7,8,9,10,13,14 


I-R2 

7 ^ 


15.1,2,3,4,5,6,7,8,9,10,13,14 

15.1 


A calculated value of R of 0.5310 was obtained showing that if date 
of sillcing is held constant that 28% of the total squared variability in 
yield of the inbred-variety crosses is directly related to the characters 
studied in the inbred lines other than date silking. 

The breeding of improved inbred lines is of direct value in a corn 
breeding program as a means of reducing the cost of production of 
three-way and double crossed seed. Since there is a significant asso- 
ciation as measured by the correlation coefficient between the char- 
acters of inbred lines that measure growth vigor and the combining 
ability of inbi-ed lines in inbred-variety crosses, it would appear that 
the production of improved inbreds, as measured by the development 
of the inbreds themselves, will lead, on the average,' to the develop- 
ment of higher yielding double crosses. 


YIELDING ABILITY OF INBREDS IN Fi CROSSES 

Inbred lines that combined well in inbred-variety crosses were 
selected and their yielding ability in single crosses was studied in re- 
lation to their oiigin. All inbreds used in this study were selected by 
the pedigree method of breeding from single crosses between inbreds 
and subsequent selection during the segregating generations for vigor 
of plant, ability to withstand lodging, and resistance to smut. 

Three groups of single crosses were grown, as described in the sec- 
tion on materials and methods, giving the pedigrees of the parents of 
a single cross in each of the three groups. Group I had no parents in 
common; group II had one parent in common; and group III had 
both parents in common. 

Single crosses from each of the three groups were grown in random- 
ized blocks, the Morris and University Farm strains of Minnesota 
No. 13 and the two early double crosses, Minhybrids 401 and 402, 
being included in each block. Two separate series of single crosses 
from inbreds with no parents in common were grown, or 43 crosses 
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in all. Fifteen single crosses and checks were grown in separate 
randomized blocks for groups II and III. Yielding ability of each of 
the single crosses in the three groups was compared with checks 
grown in the same randomized block. To determine whether the three 
groups of crosses were comparable from the standpoint of combining 
ability, the average combining ability of the inbred parents, for each 
of the single crosses, was determined by using the combining ability 
of each inbred as measured in an inbred- variety cross. Thus, as an 
illustration, the combining ability of A94XA99 was as follows: 


Inbred Variety Cross 
A94 XMinn, No. 13 
A99XMinn. No. 13 
Average 


Percentage 
Yielding Ability 
1 1 5 
102 
108.5 


Percentage 
Moisture at Husking 
123 

98 

110.5 


The average percentage yielding ability and moisture percentage at 
husking in inbred-variety crosses of the parents of each single cross in 
each of the three groups of single crosses is given in Table 7. The per- 
centages used are on the basis of 100 for the average of two strains of 
Minii. No. 13, Minhybrids 401 and 402, which were grown in each of 
the. four randomized blocks. 


Table 7. — Average percentage yielding ability and moisture percentage at 
husking in inbred-variety crosses oj inbreds used in the three groups of single 
crosses differ e/ntiated on the basis of genetical origin. 


Group 

Number 
single crosses 

Percentage com- 
bining ability 

Moisture 

percentage 

I. ............. .... 

43 

107.3 

103.3.' 

II. 

15 

1 10.7 

114.6 

Ill 

15 

MO.O 

1 10.5 


In general the three groups are of similar genetical value in com- 
bining ability, group I being somewhat earlier than group II or group 
III and somewhat lower in average combining ability. 

Standard errors for yield in bushels per acre were computed sep- 
arately for each of the four locations and for each of four randomized 
block trials. An average standard error was computed from analyses 
of variance, using the foiinula 

^Vs,E.u p_+S.E.^g+S.E.^+S,E.B where U.F., Me, M, and B 
refer, respectively, to University Farm, Meeker, Morris, and Brecken- 

ridge. This S.E. was then multiplied by 2\/ 2 to give a S.E. of differ- 
ence that was accepted as of probable significance and that was used 
in interpreting the cornparative yielding ability of the Fi crosses. 
These S.E.’s for yield in bushels per acre and moisture content of 
ears at husking are summarized in Table 8. 

In, these yield trials two strains of Minn. No. 13 were grown and 
the two Minhybrids, 401 and 402. Minhybrids 401 and 402 have been 
outstanding in yielding ability in north central Minnesota. In the 
2,-year average in the commercial hybrid field trials as reported by 
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Table ^—Average standard errors for yi^d trials at four localities miiUiplM 

by 2\/2. 


Number of parents 
in common of inbreds 

Series of 
yield trials 

2V2 S. E. 

Yield, 

bu. 

Moisture 
content, % 


I 

5-5 

' 1.5 ' 


2 

4.9 

1,4 


3 

5.3 

1.5 

2 

4 

5.2 

1.7 


Crim (i) fo3' the test in Bigstone County in 1937 and in Ottertail in 
1938, Minhybrid 401 gave the highest average yield of any of the 
hybrids tested and with lower moisture content than any hybrid 
except Minhybrid 402. In the group of hybrids considered to be 
adapted to the region, Minhybrid 402 was second to Minhybrid 401 
in yield in bushels per acre. In the only other commercial yield trial 
where Minhybrid 401 is well adapted, which was conducted in Meeker 
County for two years, 1937-38 inclusive, Minhybrid 401 led the five 
ci'osses that seemed, adapted to the locality. 

Table 9. — Average yield in bushels and average moisture content at husking of 
Minhybrids 401 and 402 compared with Minn, No, ij in each of four series 
of randomized block tests and at four locations, University Farm, St, 

Paul, Meeker Co., Morris branch station, and Breckenridge, jgsS, 


Variety of cross 

Yield in bushels 

for series 

Moisture percentage for series 

I 

2 

3 

4 

Av. 

I 

2 ■ 

3 

4 

Av. 

Minhybrid 401 . . . 
Minhybrid. 402 . . . 
U. Farm No. 13. . 
Morris No. 13. . . . 

594 

52.8 

53.6 

53-2 

60.5 

55-7 

52.0 

55-3 

62.2 

54*9 

55-9 

54-2 

63.8 

55-0 

50.8 
54-2 

61.5 

54-6 

53-1 

54*5 

24.4 

21.8 

28.5 

26.9 

23*9 

20.8 

27.8 
26.6 

24.1 
22.3 1 
29.6 ; 
25.8 : 

24.0 
21.5 
29.7 
27.2 1 

24.1 

21.6 
28.9 

26.6 


Minhybrid 402 was much earlier than Minn No. 13 (Table 9) and 
yielded practically the same. Minhybrid 401 yielded 12.8% more than 
the Morris strain of Minn. No. 13 and was several days earlier in 
maturity than the Morris strain and much earlier than the University 
Farm strain of Minn. No. 13. These two hybrids, Minhybrids 401 
and 402, are therefore rather outstanding in yielding ability for early 
corn under the conditions of these trials. 

The yielding ability and moisture content of each of the single 
crosses was expressed relative to the same characters for Minhybrids 
401 and 402, the results being summarized in Table 10 in three groups 
differentiated on the basis of the origin of the original inbred lines. 

The standard errors given in Table 8 were used as measures of 
significant differences and the single crosses were compared with 
Minhybrids 401 and 402. Cross A94XA99 in group I, for example, 
yielded 54.0 bushels with a moisture content of 25.5%. Minhybrid 
401 yielded 59.4 bushels with a moisture content of 24.4%, while 
Minhybrid 402 yielded 52.8 bushels with a moisture content of 2 1.8% 


722 JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 


Table io. — Comparison of single crosses with Minhybrids 4^1 and 4^^ 
basis of yield and moisture percentage at husking in yield trials at four 
localities in I gj 8 . 


Origin 

of 

crosses 

Not significantly lower in yielding ability than Min- 
hybrid 401 or 402 and with moisture content at husk- 
ing in four classes based on significant differences in 
moisture content 

Significantly 
lower in 
yielding 
ability than 
Minhybrids 
401 and 402 

Earlier than 
402 

Equal to 
402 

Equal to 
401 

Later than 
401 

Group 1 . . . 

2 

12 

12 

2 

15 

Group II . . 

i 

— 

3 

3 

9 

Group III. 


I 

, — 

i — 

14 


In this trial differences of yield of 5.5 bushels and of moisture con- 
tent of 1.5% were accepted as significant (Table 8). Hybrid A94X 
A99 was accepted as in the same group as Minhybrid 401^ for yielding 
ability and moisture content at husking. Many of the single crosses 
were superior to the standard double crosses in yielding ability. In 
the summary there was no attempt to differentiate between those 
that were superior to Minhybrids 401 and 402 in yielding ability. 

As will be noted from Table 10, 28 of 43 hybrids in group I were 
accepted as equal or superior to Minhybrids 401 or 402 and 15 were 
significantly lower in yielding ability, while 9 of 15 in group II were 
significantly lower in yielding ability than Minhybrids 401 and 402 
and only i out of 1 5 in group III was accepted as equal to Minhybrids 
401 and 402 in yielding ability and time of maturity. 

These results are not greatly different from those reported by Wu 
(ii). They show a direct relation between the origin of inbred lines 
and their combining ability in crosses as would be expected on the 
theoretical basis. It is also of interest to note that of 43 single crosses 
from crosses between unrelated inbreds, when inbreds are used that 
have previously proved to be good combiners as tested in inbred- 
variety crosses, that 28 of these, or 65%, were accepted as of equal 
yielding ability to double crosses known to be outstanding for the 
regions of the trials. 

SUMMARY OF RESULTS 

Inbred lines were bred by the pedigree method from crosses be- 
tween inbreds where as a rule one parent at least of each cross was 
outstanding in ability to withstand lodging and in smut resistance. 
Selection during the segregating generations was made in selfed lines 
for plant vigor, smut resistance, and ability to withstand lodging. 
Evidence was given to show the extent to which the inbreds were 
improved in various characters and, in general, the methods used 
appeared to lead to distinct improvement in many characters. 

The inbreds produced, by the pedigree method were studied in 
inbred-variety crosses to determine their combining ability. The 
evidence as given indicates that lines of good combining ability are 
obtained more frequently from crosses between inbreds that them- 
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selves are good combiners than from crosses between inbreds that are 
low in combining ability. Combining ability, therefore, is an inherited 
character. 

Fourteen characters of inbreds, many of which were related to 
growth vigor, were studied for a 3 -year period in. small replicated 
plats with two replications. Correlations were calculated to show the 
relationship between certain characters of the inbreds and of the 
inbred-variety crosses. These included date of silking of the inbreds 
and moisture content at husking of inbred-variety crosses, while 
plant height, smut percentage, ear length, and shank length of the 
inbreds was correlated with the same characters in inbred-variety 
crosses. Correlation coefficients, based on no strains, ranged from 
0.3677 for plant height to 0.5746 for maturity, all exceediiig the 1% 
point for level of significance. 

Twelve characters of the inbreds, by means of total correlations, 
were found to be significantly related to yielding ability in inbred- 
variety crosses. The correlations ranged from +0.1902 for tassel 
index of inbreds and yield of inbred-variety crosses to +0.5430 for 
root volume of inbreds and yield of inbred-variety crOvSses, In these 
studies the significant values of r for a P of .05 and .01, respectively, 
were +0.188 and +0,246, all coefficients exceeding the 1 % point 
except the correlation between tassel index and yield, 

A multiple correlation coefficient of .6660 was obtained for asso- 
ciation between yield of inbred-variety crosses and the following 
characters of inbred lines, date silked, plant height, ear height, leaf 
area, pulling resistance, root volume, stalk diameter, total brace roots, 
tassel index, pollen yield, yield index, and ear length. When date of 
silking was held constant a partial multiple correlation coefficient of 
.5310 was obtained for the correlation between inbred-variety yield 
and II other characters of the inbreds. 

Inbreds of good combining ability were selected from, inbred- 
variety crosses. These inbreds were obtained by the pedigree method 
of breeding. They were studied in Fi single crosses in three groups. 
Group I where the inbred parents for each single cross were selected 
from crosses between inbreds in such a manner that there were no 
parents in common in the ancestry of the single cross; group 11 with 
one parent in common; and group III with both parents in common. 
On the average, the Fi crosses in group I were superior in yielding 
ability to those in group II and far superior to those in group III. 
From 43 single crosses in group I, 28 were not significantly lower in 
yielding ability and moisture percentage to Minhybrids 401 or 402, 
while similar relationships for group II and group III gave 6 out of 
15 and I out of 15, respectively, that were not significantly lower in 
yielding ability and moisture percentage than these double crosses. 
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NOTES 

AN APPARATUS MADE FROM GLASS FOR THE CONTINUOUS 
WATERING OF POT CULTURES^ 

F or experiments pertaining to the study of the effect of such 
minor elements as Mn, Cu, Zn, B, etc., upon the growth and 
development of plants, it is essential to use cultimes to which have 
been added mineral nutrients of known composition. Any contami- 
nation of the cultures with the particular elements under study 
would cause an error. Not only must the mineral nutrients be care- 
fully analyzed, but also metal-free water must be used with the 
experiment. This means that any method of watering the pots must 
be one in. which no metal is allowed to come in contact with the water 
at any time. Water must be handled in glass or silica containers. 

Water may be added manually to the pots, daily weighing the pots 
to determine the loss of water and adding enough water to bring the 
culture to the desired level of water content. This requires consider- 
able time and trouble on the part of the investigator, especially if he 
is handling a large number of pots. 

An improved and simplified apparatus for watering experimental 
pot cultures in greenhouse work has been constructed by the authors. 
The apparatus is an improvement of the form previously reported by 
Calfee and McHargue.'^ 

It makes use of the capillary action of sand or soil and provides a 
constant supply of wntev in each pot, regardless of how fast the water 
is transpired by the plants. The apparatus can be constructed entirely 
of glass by anyone who has had some experience in glass blowing. 
With the exception of the reservoirs, which are soft glass bottles, and 
a 250-cc beaker, pyrex glass tubing is used. 

A diagram of the assembly of the apparatus is shown in Pig. i. 
The bench (i) supports i -gallon glass bottles (2) which are used as 



Fig, I . — Diagram of apparatus. 


^The investigation reported here was carried out in connection with a project 
of the Kentucky Agricultural Experiment Station, Lexington, Ky,, and is pub- 
lished by the permission of the Director. Read before the Diyision of Chemistry, 
at the 26th annual meeting of the Kentucky Academy of Science, Murray State 
Teachers College, April 28, 1939. 

'-Calfee, R. K., and McH argue, J. S, An automatic watering sy.stemfor pot 
cultures. Jour. Amer. Soc. Agron., 29:797. 1937. 
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Fig. 2. — Showing dimensions and detail 
of float. 


water reservoirs. Two or more of 
the bottles may be connected by- 
means of siphons (3) constructed 
of 7-iTim pyrex tubing. A siphon 
(4) made of the same size tubing 
is inserted in one of the bottles 
35 cm. and held in place by adhesive 
tape or paper stickers on the side 
of the bottle. At the lower end of 
this tube is a pyrex glass float (5) 
which operates a ground needle- 
valve arrangement. Dimensions 
and greater detail of this float 
are shown in Fig. 2. This float 
maintains a constant level of 
water in the 250-cc beaker (6). This water levd is 2.5 cms above the 
table top and is the same in the tube (8) which is connected to the 
beaker by means of the side tube (6a) and siphon (7). 

The tube (8) is the “main” for the system. It is made with vertical 
side tubes (8a) spaced the same distance as one wishes between cen- 
ters of adjacent pots (13). The pots are filled with purified sand (12) 
of rather fine grain. The watering tube (ii) is placed in the sand as 
indicated and connected by means of the siphon (9) and rubber 
stopper (10) to the “main” tube. Details of tubes (g) and (11) are 
shown in Pig. 3, The stopper (ro) holding (9) is placed tightly in 
the tube (ii) so that when (9) is 
filled with water and water drips 
from the tip (ga) the water level 
in (ii) is at (iia). The height of 
the air column in (i i) is adjusted 
at 15 cms and referring to the 
curve in Fig. 4, which has been 
experimentally determined, the 
water content of the sand will be 
23-7 grams per 100 grams of sand. 

The position of the curve in 
Pig. 4 is determined by the kind 
of sand or soil in the pot. The 
curve illustrated indicates, for 
one type of sand, the water con- 
tent in one gallon pot (containing 
4 kiolgrams of sand) for a particu- 
lar height of air column in (ii). 

The water content of the pot can 
be set, within a limited range, by 
adjusting the height of this air 
column. If one desires to elimi- 
nate the stopper (10), which in- 
cidentally does not come in con- 
tact with water, he may do so by 
sealing (9) and (ii) together as Fig. 3.- 
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The action of the apparatus is as follows: In eitect ilie uabes .iai 
and (ii) conibinetl are a siphon. Capillary. action of sand in tin' 'pot 
creates a force whicli. pulls tlie water up tlic tube fo),. T.his forccMS 
dependent upon the amount of water in the Hanth Lcm'^ wrdra" coriiroif. 
in the sand permits tlie sand to oxcart a Eroatcr ibree. If tlio air 
in the watering tube is short, more water' will lie diriwiOoec^r- Infrlie 
sand until the force diminislies to the point tliat it is just, suflieieiit; 
to hold a column of water the same height as t,lie.-.Eir. 4 a:ilti!iUL cIs 
water is absorbed by a- plant in the sand or «:naipora.tes, tlie I’otcc in-, 
creases and water drips from the- tip (pa). Water in, 1 : 1 ie lowt’i" part, or 
(ii) stands at the height and is in con t-act- with mind i 

the, bottom of the tube. Water is absoi'bed, from the system by.: tlie, 
sand at this point. 

Occasionally an air leak will occur around- the' stopper: (io) or-t'lie 
base of ( 1 1 ) 'wliich, nomially is ■ sealed, lay wet sa ml ( i. 2a) . If trie ■ si|'wi cm ■' 
is loroken, the tu,be must be refilled- wit'll water a„nd, the leak crwrect-cd' 
before' noniial opew;ition^ can- be' remtmoL Tiiis is- .acC1.;>l■r1pii:^kcT:i■■i|-)v' 
removing the stopper (10) and filling (.mj-with ilistillwl, w,m:-of teller 
point determined by experiinoiil; so tlicit .wficii Ikivaiif is,clfa'W:i:i':o 
(^) into (:t x) .the level (1 .1: a.) 'will be. .dist-aiicc” trotn (oal;- 

Only cptew .'Sec!ond,s .are ' reriiiireci- to .inalat .this ii.djiisin.itmi/ '. NiT>r:rr-|ii. 1 .' 
-operation of : the watering appm’atus 'i's-''crvid,cnt tiwf tlHv' c:hi|.cpifi||--'.::'oi^ 
water from the tip (fjaj. 

The efficiency of- tins type of;'-..apparat-iis ini-suppiyi-i tg- 

.cultures was shown by Culfee and IvloHarKuc, i.ii the abo\'E-nifitViib3-B‘.fii 

report. This wateririg apparatus has One tioneT''safjs&tor!ly::dv3rmg: 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


the growth from seed to maturity of a few species of plants. It elimi- 
nates the necessity of weighing the pots and maintains a iinifonii 
water content in the cultures during the time the plants are making 
their growth. A single worker need not spend more than half an hour 
daily in watering as many as loo pot cultures growing simultaneously. 
— E. B. Offutt, R. K. Calfee, and J. S. McHargue, !)^:^^ 0/ Chem- 
istry ^ Kentucky Agricultural Experiment Station, Lexington, Ky. 


A METHOD OF INDUCING AN EPIPHYTOTIC OF RUST IN GRAIN 
BREEDING NURSERIES 


I N order that selections for lust resistance in the small grains can 
be made satisfactorily, it is important that the disease be present 
uniformly and in considerable abundance. Frequently, nature un- 
aided does not provide conditions suitable for bringing about the de- 
sired amount of infection. Some years the disease appears so late in 
the season that there, is little opportunity to make selections and in 
some sections natural infection does not always occur. Furthermore, 





- “/v 


since it has been demonstrated that rust resistance in cereals may 
vary with the stage of growth, it seems very desirable to establish 
rust in breeding nurseries as early in the season as practical. The 
method described below has been used successfully for the past three 
years in producing an earlier, more uniform, and more severe out- 
break of crown rust in the oat nursery at the Georgia Experiment 
Station, 

All alleyways and borders are planted with one drill width (about 4 
feet) of a rust-susceptible variety like Winter Turf. Plants of this sus- 




PiG, I. — Cloth-covered frame enclosing rusted plants. Crown rust infection on 
Winter Turf oats in this border was so severe that the oats failed to head. 
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ceppjle variety are heavily infected with rust by artificial inocuktion 
in the greenhouse during late winter and these plants are then set it 
intervals throughout the borders in early spring. Approxinmtelv 16 
square feet space about the rusted islants is then covered by a wood 
irame 4 feet square and 2 feet high. The frame is covered with cotton 
sheeting. Fig. i shows one of these frames in position in the field 
, I evening of each of .several succeeding days the ground 

tXu iminediately surrounding thi.s frame is watered and the 

draped down on all sides and thoroughly wetted, 
lie fl ame then serves as a moist charnber and maintains atmospheric 
conditions quite favorable for infection and spread of rust. It also 
allords protection to the transplanted plants from spring frosts. After 
the plants growing on the area covered have been inoculated the 
frames may then be moved to other locations. Only a few infection 

uX;£ pS;ntS“S. ® variety occurs frequently 

Rust infection induced in the manner described, especially when 
staited early 111 the season, usually spreads rapidly from these infec- 
tion centers through the rust-susceptible border variety if later con- 
ditions are at all suitable. Usually a very general prevalence of rust 

litldo Show little or no rust. While this method of inducing an arti- 
ficial epiphytotic of rast has only been applied in connection uHth 
t^he oat breeding program, the author beliefs that it may'very wS 


A METHOD OF PREPARING SOME NATIVE GRASS SEEDS FOR. 
handling AND SEEDING* 
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ceptible variety are heavily infected with rust by artificial inoculation 
iti the greenhouse during late winter and these plants are then set at 
intervals throughout the borders in early spring. Approximately 16 
square feet space about the rusted plants is then covered by a wood 
frame 4 feet square and 2 feet high. The frame is covered with cotton 
sheeting. Fig. 1 shows one of these frames in position in the field. 

Late in the evening of each of several succeeding days the ground 
within and immediately surrounding this framej is watered and the 
cloth covering is draped down on all sides and thoroughly wetted. 
The frame then serves as a moist chamber and maintains atmospheric 
conditions quite favorable for infection and spread of rust. It also 
affords protection to the transplanted plants from spring frosts. After 
the plants growing on the area covered have been inoculated, the 
frames may then be moved to other locations.^ Only a few infection 
centers are necessary if the rust-susceptible variety occurs frequently 
in the planting order. 

Rust infection induced in the manner described, especially when 
started early in the seavSon, usualty spreads rapidly from these infec- 
tion centers through the rust-susceptible border variety if later con- 
ditions are at all suitable. Usually a very general prevaleiice of rust 
infection may be established, in the breeding nursery while nearb^f 
fields show little or no rust. While this method of inducing an arti- 
ficial epiphytotic of rust has only been applied in connection with 
the oat breeding program, the author believes that it may very well 
be employed in initiating early infection of those rusts attacking other 
grains.— S. J. Hadden, Georgia AgriculUiral Experiment Station, 
Experiment, Georgia. 


A METHOD OF PREPARING SOME NATIVE GRASS SEEDS FOR 
HANDLING AND SEEDING! 

T he reestablishment of gi^ass on barren range and on abandoned 
cultivated lands is of increasing interest and importance through- 
out the Great Plains. The lack of sufficient adapted, introduced, or 
cultivated species makes it desirable to use native grass species. One 
of the most serious problems in the handling of these species is seed 
character. For species to be useful in the regrassing program, it should 
be possible to seed them through the oi'dinar}?- grain drill. If this is not 
possible, the species can be of only minor value. 

Several of the more important species of native grasses have seed 
characters that make them dilEcult to clean and virtually impossible 
to seed with standard drill equipment. Some have long awns, and 
some have a combination of awn and various t3’'pes of pubescence on 
the seed coat. 

An attempt has been made to treat mechanically some grass seeds 
for the removal of awns and hairs. A hammer mill was first used in 

!Tliis paper is a contribution from the U. S. Department of Agricultui*e, Soil 
Conservation Service Nursery Section, on work done at Mandan, North Dakota, 
in cooperation "With J, T. Sarvis, Bureau of Plant Industry, Division of Diy Land 
Agriculture, and George A. Rogler, Division of Forage Crops and Diseases, at 
the Northern Great Plains Field Station, Mandan. 
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connectiort with the cleaning of grass seed in 1935.^ Recent trials at 
the Soil Conservation Ser\dce Nursery at Mandan, North Dakota, 
indicate that the method is economical and also practical from the 
standpoint of seed improvement. 

The method described below was devised to overcome sufficiently 
the difficulties ill seed character in order to allow passage of the seed 
through the ordinary drill. The equipment msed was the ordinary 
seed cleaning equipment, chiefly toesher and fanning mill, plus a 
hammer mill. 

The hammer mill is of somewhat different design than that ordi- 
narily used. The hammers are straight, thin bars of iron, lacking the 
articulated head which is usual in commercial machines. They are 
STOiig freely from a triangular frame, and cleat the screen sufficiently 
so that there is no cutting or mashing action between them. The 
hammers at the intake are short and are graduated to a greater length 
toward the outlet, with the result that the hammering process grows 
more .severe as the materials pass further through the body of the 
machine. The screen area is large, and sciuens are available in 13 
sizes, from i/40-inch to i -inch openings. The chief advantage of this 
mill over some others is that it will operate at low speeds. 

The seed was passed through the hammering process either from 
the thresher or from the fanning mill. The process was varied by 
changing the screen, the speed of the operation, and the amount of 
material held on the screen. It was fundamentally the same for all 
species, the difference lying in the kind and amount of material to 
be removed (Table i). 

SPECIES PROCESSED 

Big bluestem. — Big bluestem (Andropogon furcatus) is awned, has 
ciliate pedicles, and a sterile pedicellate spikelet. The hammering 
removed a high percentage of the awns, the pedicellate spikelet, and 
part of the cilia. Recleaniiig once was sufficient after processing. 

Blue grama. — ^The blue grama {Bottieloua gracilis) spikelet is com- 
posed of an awned fertile floret and an avmed, densely bearded, rudi- 
mentary floret. It was cleaned roughly to remove the stems and other 
coarse waste before treating. The mill removed most of the rudiments 
and awns and polished the seed. 

Indian ricegrass. — The problem with Indian ricegrass {Oryzopsis 
hymenoides) was somewhat different from that encountered in handling 
most species. The awn is readily deciduous and the callus is long 
pilose with silky white hairs 3 mm long. The glumes cling to about 
50% of the seed, as do portions of the slender panicle branches. The 
processing in this species must be carefully controlled to prevent 
breakage of the seed; but the hairs, glumes, and parts of the panicle 
can be removed entirely. After one tun through the hammer mill, the 
seed was screened and fanned. This separated the seed which was com- 
pletely free of hairs. That portion not completely clean was re-run 
through the hammering process. As the seed is heavy and smooth 
and of a regular shape, the purity can be raised to very nearly 100% 

^WorE done at Soil Conservation Nursery, Ames, Iowa, by G. L. Weber, under 
the direction of Jess L. Fults,. 
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by the polishing, even though it is not fanned after threshing and 
before hammering. 

Sand reed grass, ---Ssindmed grass {Calamovilfalongifolia) presented 
a problem comparable to Indian ricegrass and has been treated with 
the same good results. 

Canada wild-rye. — Canada wild“rye {Elynms canadensis) has the 
longest awn of any of the species treated. It is not only impossible to 
drill this seed before processing, but it is difficult to clean it. The 
treatment removed the awns almost completely. The palea and lemma 
are fastened tightly to the caryopsis and are not removed by the 
treatment. After hammering, the seed was easily cleaned to a good 
purity by screening and fanning. Ordinarily it is not necessary to pass 
this seed through the fanning mill before processing. 

Russian wild-rye.^ — -Russian wild-rye (Elymus junceus) , an intro- 
duced species, was first tried at this station about lo years ago and is 
now receiving considerable attention. It has a short, sharp awn, and 
stiff bristles on palea and lemma. It threshes and cleans easily but is 
most difficult to seed through a grain drill. Processing polished the 
seed, removed most of the awns and bristles, and allowed it to flow 
easily through the grain drill. 

Side-oats grama, — Side-oats grama {Bouteloua curtipendula) is awn- 
less, but the five to eight spikelets are not deciduous from the rachilla, 
the whole spike falling together. The processing broke up the spike 
into individual spikelets and freed some caryopses. Recleaning re- 
moved empty glumes, rachilla joints, and empty spikelets. Processed 
seed used on about 5 acres has given a very even stand, the seeding 
being done with a four-row plate nursery seeder. 

Green needle The awn in green needle grass {Stipa mridula) 

is about 50% deciduous in threshing. In addition to the awn, there 
are present fine white callus hairs which keep the seed from feeding 
into the drill cups. The processing removed all the awns, polished the 


Table 2.— Results of process on germination of seed within the first six months 
after processing. 


Species 

/■" '■'.■h : :'h. ■' 

Treatment 

Germination, %* 

Dec. I, 1938 

Feb. I, 1939 

Mar. I, 1939 

Andropogon furcatus 

Untreated 

40.3 

40.0 

30.0 

(7 lots) 

Treatedt 

48,0 

38.7 

48.6 


Caryopsesf 

58.5 

71.0 

77-8 

Bouteloua curtipendula 

Treated t 

53-0 

60.5 

65-5 

(5 lots) 

Caryopsest 

■ 54.2 

66.7 i 

67.2 

Bouteloua gracilis 

Untreated 

67.0 

75*0 

67.6 

(3 lots) 1 

Treatedf 

83,0 

79-0 

80.3 


GaryopsesJ 

82,5 

84.6 

80.3 


processed in September and October, 

T Treated" deEned as caryopsis with palea and lemma intact. 
JCaryopses freed from palea and lemma in processing. 


®The use of '^Russian wild-rye^' as a common name for Elymus junceus is 
tmofacial. 
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seed, and removed enough of the pubescence to allow the seed to slide 
easily in the drill. It was rough-cleaned over the fanning mill before 
polishing, and recleaned afterward. 

The cost of this process is so low that it is not a factor in comparison 
to the imimovenient in quality of the seed. The loss of total weight in 
treating a lot of seed was very marked, but there was little actual loss 
of filled florets. There was, however, a possibility that some or all of 
the species would suffer a decrease in viability through the violence of 
the treatment. This was particularly true where caryopses were re- 
moved. Germination data indicate no change immediately after proc- 
essing, and stored samples germinated throughout the winter showed 
no loss in viability of the cleaned caryopses six months after treat- 
ment. 

The results shown in Table 2 are average figures for the larger lots 
handled. The three species shown are those in w^hich caryopses are 
freed in the process and which would therefore be expected to show 
changes in germination. All germinations shown were made in soil 
in the greenhouse at an approximate soil temperature of 30° C. — - 
G, L. Weber, 

CHROMOSOME NUMBER IN DWARF OATS 

A STUDY of the chromosome number of five varieties of dwarf 
oats is reported. These drawfs are known under the names 
Trelle, Denton, Prolific, Early White, and Early Black (C. I, Nos. 
3634, 3635, 3636, 3637, and 3638, respectively).^ They maybe divided 
into two groups, as the Trelle and Denton dwarfs have short, ab- 
normal, compact panicles with very thick, stiff, tough culms. The 
other three are true dwarf oats and have panicles and stems similar 
to those of normal oats, although shorter and smaller. Information on 
the origin, characters, etc., of these dwarfs appears in the literature.^ 
The desirability of using the Trelle and Denton dwarfs in crosses 
with varieties of normal stature for the purpose of deriving agronomic 
varieties of oats having stiffer straw and greater standing ability 
makes the determination of their chromosome number relevant. 
Attempts to cross these dwarfs on varieties of normal height thus far 
have been unsuccessful. Consequently specimens were collected for 
the writers at the Aberdeen SubvStation, Aberdeen, Idaho, by Harland 
Stevens and Ogden C. Riddle and forwarded to Washington for cyto- 
logic examination of the pollen mother cells by the senior writer. 

In all five varieties 21 bivalent chromosomes were found at dia- 
kinesis. Fig. i, A-D, shows the chromosomes in four of these five 
varieties. It was not unusual to find in some pollen mother cells 
chromosome abnormalities such as are shown in Fig. 2, B, E. These 

iQ. I. refers to accession number of the Division of Cereal Crops and Diseases, 
formerly Office of Cereal Inve.stigations. 

“Stanton, T. R, Prolific and other dwarf oats. Jour. Heredity, 14:301-305. 

1923* . 

— — ^ Superior germ plasm in bats. U. S. D. A. Yearbook 1936:347-414, 

1936. 

Derick, R. A. Anew “dwarf” oat. Sci. Agr., 10:539-5.^. 1930. 

Atkins, I. M. and Dunkle, F. B. A dwarf oat found in a Nortex-Victoria 
cross. Jour. Amer. Soc. Agron,, 30:347-348. 1938. 
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two photo-micrographs illustrate the occasional failure of one or 
more chromosomes to be included within the metaphase plate. In the 
varieties Early White and Prolific such abnormalities seemed more 
prevalent than in the other three varieties. It is quite possible that 



these irregularities in meioses were due to an abnormal environment 
at the time the material was collected. The majority of the pollen 
mother cells in all five varieties distributed their chromosomes, in the 
reduction phases, equally to the daughter cells. Fig. 2, A, C, D, and 
F, shows several phases in which the chromosome behavior is normal. 
In conclusion, no chromosomal incompatabilities appear to exist 
that might prevent hybridizing the Trelle and Denton dwarfs with 
pats of standard stature for the purpose of transferring their desirable 
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Fig. 2. Photo-miGrographs of normal and abnormal reduction phases in the 
pollen mother cells of dwarf oat varieties : A, normal first metaphase plate of 
Early Black dwarf; B, abnormal first metaphase plate of Prolific dwarf • 
u, normal first anaj^ase of Prolific dwarf ; D, normal second division phases 
m Brolinc dwarf; E, abnormal second metaphases in Prolific dwarf* F 

normal second division phases in Early White dwarf. ’ ' 

straw characters to commercial varieties.— A. E. Longley and T. R. 
Stanton, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Dept, of Agriculture. 


THE CROP-PRODUCING VALUE OF VETCH ROOTSi 

V ETCH is grown primarily to increase the yield of the corn or 
cotton crop which follows after turning under the vetch. The 
increase in yield of crops following vetch is due largely to the nitrogen 
taken out of the air by the vetch. 

Experiments conducted at the Mississippi Agricultural Experiment 
Station show that the roots of vetch contain 35% of the nitrogen in 
the whole plant. In other words, if the entire tops of vetch are re- 
moved level with the top of the ground, more than one-third of the 
nitrogen which the vetch contains \rill be left in the soil. 

The crop-producing value of vetch roots is shown by the following 
uatar^ ■ 


No vetch 

Vetch turned under 

Vetch with tops removed. 


Yield of corn, bu. per acre 
15.9 
33 * 3 : 

23.3 


Contribution from the Department of Agronomy, Mississippi Agricultural 
Expenr^nt Station, State College, Miss. Published with the approval of the 
Acting .Director as loumal Article No. 20 N. S. 
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The vetch roots increased the yield of corn 7.4 bushels. Where the 
tops were also turned under an additional 9,8 bushels of corn were 
obtained. The test was conducted on Ruston fine sandy loam. The 
plats were 1/35 acre in size, and there were nine replications. 

in this test the vetch was scraped off with a hoe and all of the tops 
removed. Where vetch is cut for hay, some of the tops will be left on 
the ground and, on the basis of the data presented, these tops to- 
gether with the roots will probably increase the yield of corn a little 
better than half as much as where the whole vetch plant is turned 
under. In other words, cutting vetch for hay will leave half of its 
crop-producing value in and on the soil for corn production. 

Similar or better results can probably be obtained when the vetch 
is grazed off by livestock as when cut for hay. — W. B. Andrews, 
Agricultural Experiment Station, State College, Miss. 


A SAMPLER FOR SURFACE SOILS 

I N taking samples of surface soil for moisture determination or for 
chemical analysis it is desirable to take a uniform core of soil 
from the surface to a given depth. In cultivated soils this is impossible 
with an auger because the dry soil at the surface falls away and the 
resulting core is not representative of the surface soil as it existed in 

the field. Samples obtained with a 
spade are too large to handle, and 
if an aliquot is taken, a serious 
error may result from improper 
mixing before taking the aliquot. 

A tubular sampler seems to be 
the best tool for this purpose and 
many such samplers have been 
described in the litei'ature. The 
sampler herein described varies 
from the usual tubular type in 
that the bore is not uniform 
throughout. This arrangement 
eliminates some of the difficulties 
encountered with the uniform 
bore sampler. 

In a tubular sampler of uni- 
form bore the friction on the 
walls causes a compaction in the 
core which tends to push the core 
downward instead of cutting it 
cleanly and without disturbance. 
Errors in sampling are thus intro- 
duced. Furthermore it is difficult 
to remove the core from such a 
tube. This difficulty has been only partially overcome by cutting 
a slot in the side of the tube for a portion of the length. This arrange- 
ment has a disadvantage in that it weakens the tube. 



Fig, I. — K sampler for surface soils. 
The core drops out readily when 
the tube is inverted. 
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The sampler illustrated in Figs, i and 2 was made from a 1^4 by 8 
inch steel shaft. The first step was to drill a i }4 inch hole through the 
center of the shaft. Next the bore was increased to inches from 
the top to within inch of the bottom of the tube. By means of a 
still larger drill the bore was then increased to i|"| inches for a dis- 
tance of 4-b8 inches from the top of the tube. The outside walls were 
then turned down to the dimeiivSions vshown in Fig. 2. Calibrations 
I inch apart were placed on the outside of the sampler to make it 
possible to take samples to a uniform depth. A 34 -inch hole was 
drilled through the top. A rod passed through this hole makes it easy 
to turn the tube as it is forced into the soil. 
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Pig. 2. — ^Sectional diagram of surface soil sampler. 

This sampler, constructed as described, has proved to be very 
durable. Fine-textured soils have been sampled when they were so 
dry that the sampler had to be driven into the soil by means of a 
hammer. The driving cap shown in Fig. i was made for this purpose. 
The heavier wall in the upper i inch of the tube was found to be 
necessary to avoid injury to the tube when being driven into dry soil. 
The lower end of the tube, turned down to form a cutting edge was 
tempered slightly. 

When the sampler is turned or driven into the soil the core is not 
depressed and, except in the case of wet clay soils, it drops out readily 
when the tube is inverted. The plunger shown in Fig. i was designed 
to aid in removing the core from the sampler, but it is only required 
when the soil is wet and very sticky. The ease with which the core 
may be removed makes it possible to take a large number of samples 
in a short time. ^ — R. L. Cook, and B. J. Birdsald, Michigan State 
College i East Lansing, Mich. 

WEATHER IN RELATION TO YIELD OF AMERICAN-EGYPTIAN 
COTTON IN ARIZONA! 

I N studies incidental to a survey of production trends of American- 
Egyptian cotton the annual fluctuations in yields of this extra long 
staple cotton were compared with maximum, minimum, and average 
temperatures, with percentages of relative humidity, with dates of 
killing frost, and with evaporation. Of these six weather phenomena 
only date of killing frost and evaporation showed any consistent re- 
lationshi p with yield. 

^Contribution from the Division of Cotton and Other Fiber Crops and Diseases, 
Bureau of Plant Industry, U. S. Dept, of Agriculture. 
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The filial 3neld of cotton is undoubtedly affected by complex intex- 
actions of many weather factors. The indirect effects of weather on 
cotton ^fields may be almost as important as the direct effects by 
favoring, or retarding, the reproduction of harmful insects and the 
progress of diseases. Also, soil fei'tility, amount of irrigation water 
used, method or time of irrigation, insect damage, plant diseases, and 
frequency of piekitig are all factors that affect yield. When comparing 
one weather factor with yield, a high correlation can not be expected 
because one or more of the other factors affecting yield may be 
counteracting the effects of the phenomenon under consideration. 

The length of the growing season is distinctly one of the limiting 
factors in the production of high yields of Pima cotton in Arizona. 
Fig. X shows the number of days from ^September 30 to killing frost 
at SacTiton, Arizona, in comparison with the average yields of Ameri- 
caivEgyptian cotton in Arizona from 19 iS to 1938, incluvsive. The 
‘chart shows that in seasons when frosts are early yields are low, and 
in years when frosts are late yields are high, with very few exceptions 
to the general trend. 

Evaporation is the result of several interacting weather factors, 
namely, temperature, wind velocity, atmospheric humidity, and sun- 
vSliine. Fig, 2 shows tlie average annual yields of American-Egyptian 
cotton for the 2 1 years from 1 9 1 8 to 1 93 8 in comparison with the total 
evaporation for the months of July and August. Evaporation was 
measured at Sacaton in an open tank of the type used for many years 



Fig, I. — Yields per acre, in pounds of Hnt, of American-Egvptian cotton for 
Arizona and nuinber of days from September 30 to the first killing frost at 
Sacaton, Arizona, for the years 1918-1938, inclusive. The value of the corre- 
lation coefficient, •t'*574j above the 1% level of significance. 
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Pig, 2.-T~Yields per acre, in pounds of lint, of American- Egyptian cotton for 
Arizona and evaporation, in inches, during July and August from an open 
tank at Sacaton, Arizona, for the years I918-I938, inclusive. The value of 
the correlation coefficient, -'.296, is not significant. When the data for the 
very exceptional season of 1937 are excluded, the value of the correlation 
coefficient for the remaining 20 comparisons is raised to -.562, which is on 
the I % level of significance. 

at stations of the Bureau of Plant Industry. The months of July and 
August cover practically^ all of the effective flowering period of Pima 
cotton in Arizona. 

In some districts a crop of Pima cotton is grown with as little as 
4 acre feet (48 acre inches) of irrigation water, including that applied 
at planting time. The average July and August evaporation for these 
21 years is 16,3 inches, or approximately one-third of the amount of 
w^^ater some farmers UvSe in the entire growing season. In 1931, 1932, 
1933 ) nnd 1937 evaporation in Juty and August averaged :c8.6 inches. 
With the exception of 1937 the average yield in each of these years 
was much below the 21-year average. The correlation of yield with 
evapofation during fiow^ering period for the 21 available comparisons 
is so low that it has no statistical significance. On the other hand, 
when the data for the very exceptional season of 1937 are excluded, 
the data for the remaining 20 years give an r of -.362, a highly signifi- 
cant negative correlation. A value of ”'•.809 is obtained for a partial 
correlation of yield with evaporation (frost constant) for the same 20 
years. 

Assuming that the factors promoting excessive evaporation during 
the flowering period also tend to reduce the yields of cotton, it seems 
reasonable to believe that heavier or more frequent inigations m,ay 
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counteract, at least in part, the ill effects of these factors. However, 
if irrigation water in excess of the optimum is applied the ill effects of 
overdrrigation might entirely oft'set the benefits to be derived from 
the practice of increasing irrigations during seasons of excessive 
evaporation. 

In conclusion, data are presented which show that early killing 
frost in the fall and high evaporation during the flowering period are 
two of the weather factors which appear to limit yields of American- 
Egyptian cotton in Arizona. Increased irrigation during the critical 
flowering period, within reasonable limits, is suggested as a means of 
countei'acting the effects associated with high evaporation.— H. J. 
Fulton, S. Field Station, Sacaton, Arimta. 


AGRONOMIC AFFAIRS 

CALIBRATING QUICK CHEMICAL SOIh TESTS 

T he Soil Testing Subcommittee of the Fertilizer Committee of 
the American Society of Agronomy has assembled a series of 30 
soils from 1 5 states for the purpose of calibrating the results of quick 
chemical tests by various methods. 

These soils have been stored at the laboratoiy of the Division of 
Soil Chemistry and Physics, Bureau of Plant Industry, U, S. Dept, 
of Agriculture, Washington, D, C. Sets of small sub-samples of these 
soils will be supplied to persons engaged in research on the develop- 
ment or comparative study of soil testing methods. 

Requests should be addressed to Dr. H. G. Byers, Division of Soil 
Chemistry and Physics, Bureau of Plant Industry, U. S. Dept, of 
Agriculture, Washington, D. C. 

EXTENSION SERVICE FILM STRIP 

A CONTRACT for film strip production for the Extension Service 
of the U. S. Dept, of Agriculture has been awarded for the fiscal 
year 1939 -40. Prices for film strip will range from, 50 to 75 cents each, 
with the majority of the 325 series offered by the Department selling 
for so or 55 cents each . A price list of avaliable strips and instructions 
on how to purchase them may be obtained by writing to the Extension 
Service in Washington, D. C. 

Film strixis are available on such subjects as soil conservation, 
farm crops, dairying, fami animals, farm forestry, plant and animal 
diseases and pests, roads, farm economics, farm engineering, home 
economics, adult and junior extension work, and rural electrification. 
Lecture notes are provided with each film strip purchased, wdth the 
exception of those that are self-explanatory. 

NEWS ITEMS 

Jerry H, Moore, cotton technologist for the North Carolina 
Agricultural Experiment Station, was awarded the degree of doctor 
of philosophy by Duke University last spring. Doctor Moore majored 
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in genetics and plant breeding and part of his graduate study was 
carried on at Coriieil University. 

Dr. Franklin vS. Harris, President of Brigham Young University, 
has been given a leave of absence to accexit a commission of the 
Government of Iran to reorganize the Department of Agriculture of 
that Government and. to lay plans for the rehabilitation of the agri-- 
culture of the country. During Doctor Harris’ absence, Dr. Christen 
Jensen, Dean of the Graduate School, will serve as Acting President 
of Brigham Young University. 

Dr. D, W. Thorne, until recently Associate Professor of Soils at 
the Texas A. and M. College, has been appointed to a similar position 
at the Utah State Agricultural College and Experiment Station. In 
his new position, Doctor Thorne will divide his time about equalty 
bet"ween teaching and research in soils. 

Dr. Leonard H. Pollard has been appointed Assistant Professor 
of Vegetable Crops at the Utah State Agricultural College and Ex- 
periment vStation where he will teach the work in vegetable crops and 
do research in vegetable crop production and genetics. Doctor Pollard 
was formerly associated with the University of California at Davis 
where he served as Associate in Vegetable Crops and where he re- 
cently completed work for the doctorate degree in genetics. 

Dr. A. E, Brandt, Senior Statistical Analyst and also Acting Chief 
of the Division of vSoil and Water Conservation Experiment Stations 
for the Soil Conservation Service in Washington, is spending the first 
summer session at the Utah vState Agricultural College where he is 
teaching courses in statistics and in the design of experiments. 
Doctor Brandt is also conducting infomial confei*ences with Experi- 
ment Station staff members in the design of experiments and in the 
analysis of experimental data. 

Dr. R. D. Lbwus whose major activities have recently been in 
extension and resident teaching at Ohio State University, has been 
appointed to a full time teaching-research position with the titles of 
Professor of Agronomy in the University and Associate in Agronomy 
in the Ohio Agiicultural Experiment Station. In the absence of Doctor 
Salter, Chief of the Agronomy Department of the Experiment Station 
at Wooster and Chainnan of the Department of Agronomy at Ohio 
State University, Doctor Lewis will serve as Vice-Chairman of the 
College Department. In addition to present teaeliing duties he will be 
resjoonsible for the Departments program of instruction in crop 
genetics and breeding with major emphasis upon development in the 
graduate area. For the Experiment Station he will direct and super- 
vise certain phases of the crops breeding program and will continue 
to give attention to problems dealing wdth the practical utilization of 
the output of crops iDreeding programs. 

David F. Beard, for the past three years graduate fellow in 
agronomy and assistant secretary-treasurer of the Ohio Seed Im- 
provement Association, has been appointed Extension Agronomist 
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to succeed Doctor Lewis. Mr. Beard has also been elected to replace 
him as Secretary-Treasurer of the Ohio Seed Improvement Associa- 
tion.:. 

Dr. E. G. Bayfield, formerly Cereal Technologist, U, S. Dept, of 
Agriculture, in charge of the Federal vSoft Wheat Laboratory, and 
Associate in Agronomy, Ohio Agricultural Experiment Station, has 
recently taken up his duties as Head of the Department of Milling 
Industry, Kansas vState College, Manhattan, Kansas. 

Dr. Olaf vS. Aamodt, formerly head of the Department of Agronomy 
at the University of Wisconsin, has been named Principal Agronomist 
in charge of the Division of Forage Crops and Diseases of the U. S. 
Dept, of Agriculture to fill the position vacated by Dr. P. V. Cardon, 
recently named assistant chief of the Bureau of Plant Industiy. In 
his new position Dr. Aamodt will direct all federal research on 
the production and improvement of forage plants throughout the 
United States and will have general supervision of the Northeastern 
Regional Pasture Laboratory at State College, Pa. 
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MAIZE SEED CHARACTERS IN RELATION TO HYBRID 

VIGOR! 

Morris E, Paddick and Howard B. vSprague- 

B ecause selected strains of hybrid corn are playing an increas- 
ingly important role in crop production, papers dealing with the 
maize kernel and its parts have been frequent. Some have been con- 
cerned with the effect of heterosis on the grain itself, others in ex- 
plaining hybrid vigor through differences in embryo characteristics, 
such as size and amount of meristematic material. The study herein 
reported had as its purpose the prediction of high- or low-yielding 
ability for a strain through measurement of some specific kernel 
characters. 

Kiesselbach and Cook (5)^ in 1924 published observances on the 
increase of kernel weight through stimulation by foreign pollen. They 
ascribed such increases to changes in endosperm composition and to 
heterosis. Then later Kiesselbach (4) reported that the gain was a 
matter of kernel competition where hybrid kernels became heavier 
at the expense of adjoining inbred kernels. Ashby (i, -2), from a study 
of heterosis, concluded that hybrid vigor was due to a greater weight 
of the embryo which gave an advantage maintained throughout the 
grand period of growth. He proposed that growth rate be considered 
a simple dominant character. Sprague (6), however, could find no 
correlation between embryo size and heterosis, and found that hy- 
brids grew relatively faster than either of the parents. His investiga- 
tions indicated no difference in the growth rates of reciprocal crosses, 
although there were decided differences in embryo size. He therefore 
held to the theory of complementary action of dominant growth 
genes. As further evidence negative to Ashby’s hypothesis, Bindless 
(3) reported the apparent lack of correlation between size of plumular 
meristem, or of the size of the cell nuclei contained therein, and hybrid 
vigor. 

^Journal Series paper of the New Jersey Agricultural Experiment Station, 
Department of Agronomy. Received for publication May 17, 1939. 

^Former research assistant, and Agronomist, respectively. The authors are 
indebted to Dr. W. E. Loomis, Iowa State College, Ames, Iowa, for helpful 
advic,e and criticism in the preparation of this report. 

^Figures in parenthesis refer to “Literature Cited”, p. 750. 
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MATERIAL AND METHODS 

Tlie seed inaterial used in these studies was in part obtained from the New 
Jersey Experiment Station breeding stocks, but mostly from special crosses. In 
the latter ease inbred lines characterized b^^ white kernel endosperm were used 
as ear parents in crosses with lines carrying the factor for yellow endosperm. By 
using mixed pollen, one part of which was derived from the female parent plant, 
inbred as well as hybrid kernels were obtained on the same ear. Comparisons might 
thus be made between two germinal types, separation of the inbred from the hy- 
brid seeds being possible through their color difference. 

Kernel dissection was accomplished by soaking the grains in boiling water for 
approximately 5 minutes, removing the pericarp with a pair of tweezers, then 
splitting the kernel through the face and back, and finally digging out the germ 
with a dissecting needle. Kernel paids were dried at a temperature of 90° to 95° C 
for approximately 48 hours. To obtain weight means of desirable accuracy groups 
of 20 grains each were used. This number of kernels taken from each ear gave for 
the germ weight a niean with a probable eiTor of less than 2%. 

VARIABILITY IN KERNEL PARTvS 

Much variability was encountered in the weight of kernel parts, a 
portion of which could be ascribed to heredity effects, but a large 
amount of which was undoubtedly due to environment. Some apprecia- 
tion of this problem may be gained by observing the data in Table i. 
These illustrate the average weights of kernel parts as determined for 
the selfed line A55 and for the hybrids of which it was the ear parent. 
Forty adjoining kernels (20 inbred and 20 hybrid) were used for each 
of the hybrid-inbred kernel comparisons. So far as possible the grains 
for each comparison were obtained from a single ear. 

Theoretically seeds which are genetically identical should show 
great uniformity. As the figures obtained for several lots of inbred 
kernels indicate, however, tliere were very decided differences from 
car to ear and from season to season, not to mention from seed to seed. 

Despite the disturbing effects of environment, differences which 
were due to heredity may be observed from the data of Table i. In 
the percentage variability for the weight of gexTii, endosperm, and 
total seed, and especially for the endosperm-germ ratio, is this true. 
This may be confirmed by observing the coefficients of variability for 
the group of hybrids having A55 as maternal parent compared with 
the coefficients of the group of matched lots of A55 inbred kernels. 
The results are the same for both 1934 and 1935, although in the latter 
season poorer growing conditions caused the kernels to be smaller 
and less uniform. 

For a summary, Table 2 may be referred to. Here nine hybrids 
are represented of which A55 was the ear parent and for eight of 
which B19 was the female parent. Likewise, nine groups of inbred 
A55 kernels and eight groups of inbred B19 kernels are also repre- 
sented; each group having been formed from grains grown on the 
same ear and adjoining or close to those of the corresponding hybrid. 

A basis was thus established for study of the various kernel parts 
and their interrelations in hybrids and inbreds. The object was to 
determine if any part, directly or indirectly, influenced the grain- 
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Tabim 2. ---CoefficieMls of variability for the means of the groups with each 
group composed of 20 kernels, I gs 4, 


No. of 
groups 

Strain 

Pericarp 

Endo- 

sperm 

Germ 

Germ-endo- 
sperm ratio 


A55 seifs 

7 

3 

5 

3 


A55 liybrids 

5 

6 

8 

6 

■'8. 

B 19 seifs 

18 

14 

9 

8 

8 

B19 hybrids 

16 

16 

II 

12 


or Stover-yielding ability of a genetic line. The investigation logically 
resolved itself into two angles of attack, viz., the significance of abso- 
lute size as measured by weight and of relative size when compared to 
values obtained for the female inbred line — the ear parent. Ashby’s 
hypothesis of hybrid vigor in maize placed emphasis on the size of 
the embryo in the seed as an important factor, like the capital to 
which compound interest rate is to be applied. But even on casual ob- 
servations this theory is subject to difficulties. Great uniformity of 
characters is the essence of a “pure” line, inbred or hybrid, and for 
all practical purposes the same may be said regarding recipx'ocal 
crosses. However, the individual kernels of a specific line may vary 
greatly in size, depending on their position on the ear, the particular 
maternal plant, and the seasonal environment. Even more marked 
may be the difference in size between the kernels of reciprocal crosses. 

In view of the previously noted variability in average germ size 
between seed sample groups of the same line, it w^as considered de- 
sirable to investigate the correlation of germ weight with kernel 
weight. Let one assume germ size to have important direct influences 
on the future possibilities of the plant, such as grain and stover 
yields. Then observed uniformity of mature plants should follow 
from size uniformity of seed embryos themselves regardless of the 
total kernel weight. To test this supposition kernels of two strains of 
corn, one an open-pollinated variety, Lancaster vSurecrop, and another 
a double cross (B42XA64)X(A3oXA47), were sorted into air-dry 
weight groups 20 mgms apart. Kernel dissections were made and the 
endosperm and germ weights for each determined. The size relation- 
ships between the kernel parts are graphically shown in Fig. i. There 
is no doubt that the germ tends to constitute a definite proportion of 
the total kernel weight, regardless of the seed size. 

However, it must be admitted that for any given line the majority 
of the kernels will not deviate far from their mean weight, and thus 
the effects of extreme kernel size will not be apparent in the field. 
Since plat test yields are the averages of many plants in which the 
variability of the individual is lost, there is really no secure basis for 
assuming that embryo size does not have its effect. The writers know 
of no experiment designed especially to determine the relationship 
between embryo size and plant yield. 

A more tangible means of ascertaining embryo size effect is through 
' the comparison of reciprocal crosses. For all practical purposes the 
members of such a pair are genetically identical, and it is generally 
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assumed there is little difference at maturity. Any significant differ- 
ence between the kernel embryo size of the two crosses would there- 
fore discredit this seed part of any important influence on plant 
growth. 

The data of vSpi*ague (6) induce this conclusion. In one instance he 
was able to vary embryo size in a line through the harvesting of seed 
at various stages of maturity, but foiind no vsignificaiit differences in 
plant growth rate. Furthermore, he checked, the growth rate of plants 
of reciprocal crosses where there was a significant difference in aver- 
age embryo size, and again found no correlation between embryo 
weight and growth rate. 



Fig. I.— Dry weight relation of germ to endosperm in kernels of the same 

strain. 


In Table 3 will be found data on the kernel part weights for inbred 
lines and their reciprocal crosses, of which A55 is one parent. Of 
principal interest and significance, in accord with the foregoing con- 
dusions, will be noted the marked variation in germ weight between 
the members of a reciprocal cross, although the genotype remains 
identical. 

STIMULATION OF EMBRYO AND PLANT YIELD 

The possibility of a direct relationship between embryo size and 
plant growth is not favored by the preceding data and by the data 
of others. Environmental conditions, es>pecially the nutrition of the 
developing seed, have a highly significant role in determining the size 
of the kernel and its parts. The corn gem may perhaps best be con- 
vSidered as a transition stage in the growth of the plant, a necessary 
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Taklis 3 .— paft weights of reciprocal crosses and their parents^ averages of 

20 kernels. 


Strain 

Pericarp, 

rngms 

Endosperm, 

mgms 

Germ, 

: mgms 

Percentage 

difference* 

Endosperm- 
germ ratio 

A55seifed 

17-5 

250.1 

28.1 


8.75 

A55XA2 

197 

35RI 

40.3 


' 8-7 

A2XA55 

5-2 

123.5 

i 15.2 

90.6 

1 8.1 

A2selfed 

9,2 

225,1 

i 30.6 

1 ' 7*3 

i 

A55XA5 

19.1 

325-0 

3^-9 


8.8 

As XAss 

12.8 

184.8 

1 21.8 

51*6 

8.5 

1 8.6 

A5selfed 

. 21.4 

276.1 

31.9 

A55XAQ 

18.0 

267.2 

30.8 

23.2 

1 8.7 

AgXAss 

9.8 

180.1 

24.4 , 

7.4 

Ansel fed ' 

3 U 5 

186.2 

25.7 


7.2 

A55XAII 

19.6 

366.1 

37-9 

35.8 

9.7 

AUXA55 

I 5‘3 

229.7 

26.4 

8.7 

All selfed i 

17.6 

227.0 

24*4 


9.3 

AssXAia 

19.8 

362.2 

40.2 

13*8 

9.0 

AI2XA55 

13*5 

245.9 

35*0 1 

7.0 

Ai 2 selfed 

13.6 

182.8 

36.0 


6.6 

A55XA15 1 

29.6 

342.2 

40,1 , 

25.6 

8.5 

A15XA55 

12.7 

231*5 

31.0 

7.5 

A15 selfed 

12.6 

192.9 

28.1 ’ 

■ 


6.5 

A55XA25 

17.6 

3x7*0 

32.3 

32.3 

9.8 

A25XA55 

14.0 

208.0 

■ 23.3 ■; 

8.9 

A25 selfed 

14.3 

197.8 

32.2 


6.1 

A55XA30 

19*3 

320.1 

' 35*2 1 

8,3 

9.1 

A30XA55 

25.5 

301.5 

32,4 

9*3 

A 30 selfed 

23.7 

244*9 

24.7 


9.9 

A55XA32 

20.6 

371*2 

37*5 

36.3 

9.9 

A32XA55 

to, 7 

237.0 

26.0 

9.1 

A 32 selfed 

12.0 

240.2 

24.1 


10. 0 

A55XA47 

18.6 

329.7 

33*7 

10.9 

9.8 

A47XA55 ■ 

14.9 

224.6 

.30.2 

7.4 

A47 selfed 

13.1 

194.2 

26.6 1 


7.3 

Lancaster 




1 


Surecrop 

23*6 

281.5 

41.0 

. 1 

6.9 


*Germ weight difference between reciprocals as % of their average. 


suspension of activities in the change from one environment (on the 
ear) to another (in the soil). 

It is to be remembered, however, that the hybrid or inbred plant 
comes into being with the fusion of the parental gametes to form a 
zygote. Hybrid vigor then is to be expected as much in the develop- 
ment of the embryo as in the plant following germination. Growing 
side by side in nearly identical environment (on the parental ear), 
hybrid kernels with their 2n germ and 311 endosperm should best 
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their inbred relatives in the struggle for nutrimetit-~-as do plants in the 
field. 

Thex'e is then to be considered the significance of correlation be- 
tween the stimulatory effect of cross fertilization on the corn kernel 
embryo and the potentialities of the hybrid plant produced. By stim- 
ulatory effect is meant the increase in germ and endosperm weight 
of hybrid kernels over inbred kernels borne on the same ear, as illus- 
trated in Table 4, 


TABiUi: M of hybrid kernel parts in percentages oj the maternal inhreds 

when grown on the same ear with groups of 20 kernels each, 1934, 


'No. of 
groups j 

vStrain 

Pericarp, 

% 

Endosperm, 

% 

! ' Germ, , 

% 

9 

A 55 hybrids ' 

I 10.4 

137.1 

1:29,7 

1 


=bl,7 

±2.6 

±.3.7 

i 

3 j 

BSlivbrkls 

100.6 j 

iq 6.9 

108.0 



±1.4 

±44 

±1.4 

4 1 

B 16 hybrids 

100,5 

118.2 

120.2 



±5.0 

± 3-8 

±5.0 

3 

BiS hybrids 

108.6 

117.6 

142.5 




± 9-3 

±21.8 

8 

.B 1 9 hybrids 

113.5 

140.7 

149.0 



dbio.X 

±74 

±4.0 


To test the possibility of using degree of embryo stimulation as an 
indicator of strain yield in stover and grain, a correlation coefficient 
was determined. The percentage germ weight increase of hybrid 
kernels over inbred kernels developed on the same ear was taken as 
one variable. Grain and stover yields as percentage of a check variety 
were used as the other variables. A number of such inbred-hybrid 
paired groups were used, representing crosses made on five inbred 
ear parent lines. The results ai’e as folloWvS: 

Year and pairs correlated 
1934(24) 1935(22) 

•42 -36 

—.12 -.12:, 

.404 : .42 

Such a comparison as this is tlieoretically justified on the grounds 
that in all likelihood many of the plant characteristics which enter in- 
to the phenomena known as hybrid vigor are of an intangible and un- 
measurable nature. Rates of reaction, sequence of processes, and bal- 
ance of material distribution are perhaps all decisive factors in de- 
termining the adaptations and potentialities of the plant. Measure- 
ments of an indirect nature must be made through direct comparison 
of the total plants themselves, judging one in terms of another. 
Comparing the kernel development of inbred and hybrid seed on the 
same ear is a measurement of this nature at a very early stage. 


Correlation 

Germ increase with grain yield. . , 
Germ increase with stover yield. . 
f value at 5% level of significance 
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Adniittedly there is a handicap in having to use the same maternal 
parent in all hybrids to be compared and thus not being able to com- 
pare unrelated lines. However, this method does offer a means for 
studying lines during their earliest period of growth, from zygote to 
embryo, a stage in which little has as yet been done. 

vSUMMARY 

The pollen parent seems to be able to exert some influence on the 
weight of both corn kernel germ and endosperm and the ratio be- 
tween the two. The general effect of outbreeding on the kernel is size 
stimulation. 

Germ size in reciprocal hybrid kernels may vary greatly despite 
uniformity of mature plants, tending to substantiate Sprague's 
views on Ashby’s hypothesis that embryo size is not a significant 
factor in the induction of hybrid vigor. 

The ratio of endosperm-germ weight within a specific line remains 
relatively constant regardless of kernel size. 

There seems to be no correlation between weight increase of hybrid 
kernel germ over that of the ear parent, when borne on the same ear, 
and forage-yielding ability. There seems to be a barely significant cor- 
relation (f equals approx. .39) between this germ weight increase and. 
grain-yielding ability of hybrid strains. 

The technic of producing hybrid kernels on the same ear as their 
maternal inbreds is suggested as a means of studying the develop- 
ment of hybrids in the period between the fonnation of the zygote 
and the maturity of the embryo. 

LITERATURE CITED 

I. Ashby, Eric. Studies in the inheritance of physiological characters: 1. A 
Ijhysiological investigation of the nature of hybrid vigor in maize, Ann. 
Bot., 44:457^469. 1930. 

■ 2, *---- — — . Studies in the inheritance of physiological characters: II. Further 
experiments npon the basis of hybrid vigor and upon the inheritance of 
efficiency index and respiration rate in maize. Ann. Bot. 46:ioo7”io32. 1932, 

3. B1NDLIC.SS, Elizabeth A. Nuclear size in plumular meristem of inbred and 

hybred maize. Amer, Jour. But., 25:738-743. 1938. 

4. Riessklbach, T. a. The immediate effe(.‘t of gametic relationship and of 

parental type upon the kernel weight of corn. Nelir. Agr. Exp. Sta. Res. 
Bui. 33, 1926. 

-— and Cook, G. C. The relative effects of foreign pollen upon the 

kernel weight of commercial varieties and selfed strains of corn. Jour, Amer. 
Soc. Agron., 16:30-36. 1924. 

6. Sprague, G. F. Hybrid vigor and growth rates in a maize cross and its re- 
ciprocal. Jour. Agr. Res., 53:819-830. 1936. 


BIOCHEMICAL APPROACH TO GRASS ^ 

A. G. Norman^ 

I N its biochemical aspects, as in others, the pasture problem is a 
peculiarly complex one. Most studies in crop production and crop 
quality are concerned with the yield and composition of a certain 
part of the plant, grain or root, at maturity, the plant having been 
allowed to develop normally from the seedling stage to ripeness. High 
yields of mature material are not necessarily what we require of 
grassland, but instead a steady yield of immature material that shall 
be of high digestibility and nutritive value. The growth of the herbage 
may be checked by grazing or accelerated by fertilizer applications, 
and at the same time the botanical composition of the pasture may be 
radicall3?' altered. Therefore one is not dealing with a simple cycle of 
growth changes, but a vsequence of superimposed effects not neces- 
sarily in phase. Pasture work in this respect bears to ordinary crop 
production studies the same sort of relationship that soil population 
stvidies bear to conventional pure cultural microbiology. It is often 
difficult to plan pasture experiments in -which the chief factors are 
under control without laying the whole experiment open to the criti- 
civSm of being highly artificial. To give onl^^ one example, there is the 
thorny point as to whether mowing as frequently practiced in experi- 
mental work is really equivalent to grazing by animals. 

The purpose of a pasture is to produce feed that is of high quality. 
The aim of the biochemist is to be able to determine analytically the 
composition of the herbage in order that its value to the animal may 
be assessed and the consequences of particular management practices 
determined. The animal requires primarily a source of energy and 
secondarily certain specific and essential nutrients for body main- 
tenance and growth. In the latter division fall the proteins contribut- 
ing vital amino acids, the mineral constituents; and vitamins. There 
are fashions in research as in other fields, and much of the biochemical 
work on forage crops in recent years has been concerned quantita- 
tively with minor constituents, such as the mineral constituents, 
carotene, and the vitamins, and lately also with essential amino 
acids. There seems to be, however, a regrettable tendency in con- 
sidering the quality of grass to look cliiefiy at the nitrogen content 
and to imply that young grass is so much better than mature hay 
simply because of the higher content of protein it contains. Beasts do 
not live byt protein alone, and even in the best grass the protein is a 
relatively small part of the whole. There appears then to be a real 
need for a further study of the energy-supplying constituents, which 
together comprise by far the greatest proportion of feeds, an exami- 
nation of their relative availabilities, the prediction of their digesti- 
bility, and the study of management practices that will mamtain a 
profitable compromise between yield and quality. This means that it 

ijoumal Paper No. 1-649 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Presented in substance at the annual meeting of the Society held in Wash- 
ington, D. C. November 16, 1938. Received for publication May 25, 1939. 
^Professor of Soils. 
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will be necessary first to break down some of the complex pasture 
problems into simpler units which may separately appear not to be 
very practical, but which taken together should give what is wanted. 
The changing composition of the plant with age, the effect of fer- 
tilizers, and management, all ought to be determined independently 
first. 

In the general question of digestibility there is no matter more 
important than the nature of those plant constituents, largely carbo- 
hydrate in nature, that supply the animal with energy. The field has 
somehow been neglected, perhaps because the necessary analytical 
methods have not been available. The main difficulty is that, in 
general, the properties of these substances are not clearly and sharply 
defined, so that the convenient solution and reprecipitation methods 
of inorganic chemistry are not applicable and recourse has to be had 
to procedures that aim at excluding other constituents and leave the 
required substance as a residue. The conventional system of analysis 
used for forage crops divides the carbohydrates quite empirically 
into two groups, “crude fibre” and “nitrogen-free extractives”, the 
latter being obtained only by difference from loo when other analyses 
have been totaled up. 

Crude fibre is commonly pictured as being the fibrous, poorly di- 
gested, relatively unavailable part of the feed and the “N-free 
extractives” the easily digestible carbohydrates. This belief is firmly 
held and often expressed. Carefully conducted digestibility trials, 
however, not infreciuently show (2)^ the coefficient of digestibility of 
the “crude fibre” to equal that of the “nitrogen-free extract.” 
Further, a consideration of the properties of the structural constitu- 
ents that are presumed to be poorly digested and to be represented 
in the crude fibre fraction shows that they are likely to be very in- 
adequately recovered in it. The chief structural constituents are 
cellulose, the polyuronide hemicelluloses, and lignin, but analyses of 
the crude fibre fraction fronri a number of forage crops have shown that 
it usually consists only of a portion of the cellulose, generally 60 to 
80%, mixed with a small and very variable amount of lignin (4). 

The proportions of the cellulose and lignin that are recovered vary 
so much even on the same type of material that the crude fibre frac- 
tion is not a reliable index of developmental changes in composition. 
It would be an important advance if the determination of the crude 
fibre fraction and its use in expressing composition were abandoned 
as inadequate, unreliable, and. misleading. The most serious criticism 
of the present system of analyses used for grasses and forage crops is 
that there is included no measure of the lignin content. The concensus 
of opinion is that lignin is almost wholly unavailable to herbivorous 
animals, though in point of fact the data available on this point are 
extremely scanty. Experiments in which the fate of isolated lignin 
added to the diet is determined (3, 7), are not conclusive since the 
biological availability of lignin is known to be affected by the proc- 
esses of isolation (5). 

However, Crampton and Maynard (2) recently showed that 98% 
of the lignin in mixed pasture herbage clipped at different dates 

5 *Fjgtires in parenthesis refer to “Literature Cited“, p. 760. 
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through the season could be recovered in the faeces of rabbits and 
approximately the same amount in that of a steer. Cellulose, on the 
other hand, though not directly digested by the animal is made avail- 
able as a result of bacterial action in the rumen, and intestine, and 
pure cellulose was long ago calculated to have a high “starch equiva- 
lent,” which is to say that its energy is nearly as available as that of 
starch. The cell walls of young tissues are primarily cellulosic but as 
the tissue develops and the wall thickens lignin and hemicelluloses 
are deposited along with newly fonned cellulose, encrusting and in- 
filtering the cellulosic fabric to give inter-penetrating systems. The 
presence of lignin retards and. prevents the bacterial degradation of 
the cellulose, probably largely through mechanical action. Deposition 
of lignin is more or less progressive with age and in general digestibil- 
ity diminishes with age, but there comes a critical point beyond which 
cellulose availability is relatively small. The effect of the presence of 
lignin is not only to reduce the utilization of the cellulose but unless 
the feed is ground very fine, access of digestive juices to cell contents 
such as protein and more available carbohydrate is also hindered,. As 
a result it is probably true to saj that the degree of ligniff cation of any : 
normal forage crop affects its digestibility more directly than any 
other factor. Exactly how the degree of ligniffcation may best be 
expressed has not been determined. The ratio of lignin content to 
cellulose content may prove to be more adequate than simple lignin 
percentage. This has not yet been tested by digestibility studies but 
is the logical probabilit}^ from the arguments above. 

The present system of analyses includes no measure of the lignin 
except insofar as the deposition of lignin is paralleled by the deposi- 
tion of cellulose, part of which is represented in the crude fibre frac- 
tion. Even worse, the lignin is in fact included as an available con- 
stituent in the “nitrogen-free extractives” figure obtained by differ- 
ence. This lengthy preamble is the case for the direct determination of 
cellulose and lignin as a minimum requirement in studies of pasture 
herbage composition. In addition it would be desirable that an at- 
tempt should be made to separate the other major carbohydrates, 
both structural and reserve, in order that the percentage of material 
unaccounted for shall be as small as possible, and not a composite of 
errors in method and technic as at present. 

As illustrating the use of these newer analytical procedures and the 
breakdown of the pasture problem into the equivalent of pure cultural 
studies, the following experiments on the changing composition of 
grasses with age and fertilizer treatment might be quoted. These 
experiments were carried out at the Rothanisted Experiment Station 
in the seasons of 1935; 1936, and 1937 and the grasses concerned were 
rye grass {Lolium italicdum), an annual variety known as Western 
wolths, and cocksfoot'^ {Dactylis glomerata). These were chosen as 
being some wa}?- apart on the scale of palatability. In the first season 
it was found that the cold water extract of immature rye grass was 
astonishingly high, approaching 50% in young samples. A portion of 
this was nitrogenous, of course, hut the remainder to a considerable 
extent was found to consist of a fructose polysaccharide that may be 


^Known in the United States as orchard grass. 
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desclibed as fructosan or levaii. The presence of fructose polysac'- 
charides ill members of the Gramineae has been reported a number of 
times, under such names as graiiiinin, or sinistrin, but the amounts 
present have been regarded as small. In young rye grass at one stage 
more than one-third of the dry weight was fructosan, the percentage 
of which later decreased rapidly as maturity approached (Table i). 


Table i.^ — Frudostm in ryegrass, xqss. 


vScimple No. 

Date cut ^ 

Fructosan, %* 

I / 

April 26 

May 10 

May 24 

28.2 


26.6 


37-5 

4. ................................... . 

June 7 

June 21 

25.3 

18.9 



’‘‘E-Hpresssed as fructose after hydrolysis. 


It is evident that this polysaccharide must be an important tem- 
porary carbohydrate reserve and must not be overlooked in digesti- 
bility studies, since at the time of peak content, it is quantitatively 
the major constituent of the grass. A similar fructosan has been found 
in young wheat and barley plants, the amount also falling rapidly as 
the ears form (i). The unexpected observation of the presence of this 
polysaccharide as a major constituent of young rye grass brings out 
another point that should be stressed, namely, that little is really 
known of the carbohydrate metabolism of grasses. Indications of the 
presence of a water-soluble glucose polysaccharide in comparatively 
small amounts were also obtained. 

To obtain a detailed picture of the developmental changes in rye 
grass, composite weekly samples were taken from six plats each i 
square yard in size from early May to the end of July. This number of 
samples was insufficient for accurate yield data and in later experi- 
ments the number of plat samples was increased to eight. The grass 
was cut with shears, heated briefly at loo® C, and finally dried at 
about 35®. Soil nitrogen determinations were also made at each time 
of sampling. A selection of the analyses are given in Table 2, the full 
data being recorded by Norman and Richardson (6). 

The nitrogen changes, here expressed for convenience as crude 
protein a practice that is probably almost as undesirable as the de- 
termination of crude fibre, were not unusual The soil analyses showed 
that at ail times there was a sufficiency of available nitrogen. The 
cellulose content appeared to increase steadily from 26% to 46%, 
though there was an indication in mid-June of rather more rapid 
deposition just about the time the heads were ripening. There was no 
increase in dry weight after the sixth or seventh sampling period, but 
nevertheless the cellulose content continued to rise, implying its 
formation from some other coUvStituent (Fig, i). 

The lignin figures had a similar trend. Lignification is sometimes 
described as being a sudden and dramatic process ordinarily occurring 
when growth slackens toward maturity and accelerated particularly 
by drought or other unfavorable conditions. This hardly appears to 
' be the case in grass, for the deposition of lignin took place steadily 
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Table 2. — Yield and composition of rye grass {Western Wolths) expressed as 
percentage of oven-dry maieriaL 


Sample 

No. 

Date cut 

Grams 

per 

sq, yd. 

Crude 

protein, 

% 

Cellu- 
lose, % 

Lignin, 

% 

Fruc- 

tosan, 

% 

Cellulose 

Lignin 

I 

May 12 

23 

11.8 

26.1 

3-6 

25.6 

7*3 

2 

May 19 

54 

9*3 

26.4 

4.7 

26.9 

5.6 

3 

May 26 

64 

9.1 

28.9 

5.2 

30. 1 

5-5 

4 

June 2 

93 

7.8 

32.0 

5*9 

28,1 

54 

5 

June 9 

126 

6.9 

32.2 

7.0 

26.8 

4.6 

6 

June 19 

166 

6.4 

33.8 

8.7 i 

2 r .3 

3.9 

7 

June 22 

150 

6.0 

40.4 

9.0 

17.0 

4-5 

Hay'^ 

June 22-29 

— 

5.6 

43.2 

10.4 

11.8 

4.2' 

8 

June 30 

1 61 

5-4 

3B.3 

9.1 

14.7 

1 4*-2 

9 

July 7 

1 . 61 

4.7 

39*9 

9.6 

12.6 

■ ■ 4*2 

10 

July 14 

'65 

4.7 

43.2 

10.5 

7.0 

4.1 

II 

Julj’' 20 

151 

4.2 

47.1 

ri.2 

5*7 

4.2 

12 

July 26 

126 

5-0 

46,2 

1 1. 1 

3*2 

4.2 

13 

Sept. 21 


6.7 . 1 

48,8 

16,4 

0.4 

3*0 


^'This represents herbage cut on June 22 and allowed to dry in the held until June 29. 



over the whole growing period and the ratio of celhilose to lignin 
narrowed gradually to about 4. From what is known of the large de- 
crease in digestibility of grass that follows the formation of the seed, 
a relatively small change in lignin content mu>st vitally affect avail- 
ability, unless some other factors are also concerned. This may be the 
case as is demonstrated by the figures for fructosan content. High in 
the young samples it falls rapidly with maturity. The peak content 
appears to occur just about the time of full emergence of the head, but 
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because the dry weight may still be iiicreasing the maximum on a 
unit area basis falls later. In this experiment the fructosan per acre 
attained, its maximum at the^time of the sixth sample when it amount- 
ed to nearly 400 pounds per acre (Fig. 2). 



Fructosan is extremely soluble and very easily hydrolysed. Its 
enzymic breakdown has been little studied, but either directly or by 
bacterial action this carbohydrate is probably of great nutritional 
importance. Its distribution within the plant has been followed to 
some extent. Synthesis no doubt occurs in the leaves, but the chief 
place of storage is the stem and. particularly the first internode above 
ground level which contained, as much as 42.8% (Table 3). 


Table ^.-—Disirihution of fructtnan in ryegrass, June 2, 1936. 


Plant parts 

Fructosan, % 

Dry weight, % 
of aerial parts 

Leaves 

24.4 

■ 25.4 

Stem 

35.4 

5L5 

Heads. . . . ... . . ...... ... .... . . . . . . . . . . 

17-3 

23.2': 

Root 

1 " ..25*0 , 

. — . 

1st internode . . .... . . . . . ............ . . . 

42.8 


2nd internode 

34.1 

. — ■ ■■•■ 

Aerial parts. 

28.1 



The occurrence of this polysaccharide as a temporary reserve raises 
a number of physiological questions which cannot be answered at 
present. There is a strong probability that much of the fructosan is 
used subsequently for the production of structural constituents par- 
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ticulaiiy cellulose, because although no increase in dry weight 
occuiTed after the time of the sixth or seventh sample, there was 
thereafter a steady rise in structural constituents and a comparable 
fall in fructosan (Fig. 3). These analyses demonstrate that there is a 



Fig. 3. — Changes in cellulose and frutosan in rye grass expressed on an area 

basis. 


greater difference between young grass and mature grass than a lower 
lignin content and a higher protein content, and that transformations 
ill the type of carbohydrate present may also be an important factor 
in affecting availability. 

Certain of the plats were recut later in the season in order to obtain 
information as to the composition of the second growth and, while the 
experiments were incomplete, there was a strong indication that sec- 
ond growth grass contains a higher percentage of structural constitu- 
ents and a lower percentage of fructosan than first growth when 
compared on a basis of equal protein content (Table 4), The data are 
insufficient to permit of any definite statement, and this question 
which is of great practical significance calls for further examination. 

The cocksfoot analyses (Table 5) are perhaps less interesting than 
those of rye grass.*'* Cocksfoot evidently contains a considerably 
higher percentage of structural constituents, even at the young stage. 
Seven per cent was the lo’west lignin content recorded, with an in- 
crease up to 12% or more on mature samples. Fructosan was present 
but in smaller amounts, the maximum being xi% on the first cut 
taken. The fructosan content declined to maturity but was by no 
means negligible even in the oldest samples. This is different from its 

^The full data are to be found in a forthcoming paper in the Biochemical 
Journal. 
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Table ^.—Contparisort of first and second growth rye grass, IQ36, composition 
expressed as percentage of oven-dry material. 


Sample 
No. ■ 

Date 

ctit ■ 

Grams 
per sq, yd. 

Crude 

protein, 

% 

Cellulose, 

% 

Lignin, 

% 

Fructosan, 

% 

I . 1 

May 12 ■ , 

23 

11,8 

26.1 

3-6 

25.6 

■ I -I . 1 

June 15 

51 

10.4 

38.4 

8.2 

14.2 

■ ^ 

May 19 ! 

54 

9.3 

26.4 

4*7 

26.9 

2 “I 

June 29 

80 

7.5 

37-9 

lO.I 

12.2 

' 3 1 

May 26 i 

64 

9.1 

28.9 

5-2 

30.1 

3“i 

July 14 

112 

7.1 

33-2 

9.2 

8.9 

4 

J une 2 

93 

7.8 

32.0 

5*9 

28.1 

4-1 

July 27 ! 

109 

' 54 ‘ 

42.9 

11-5 

5.5 


behavior in rye grass. Additions of nitrogen were made to a part 
of the area in order to determine the effect of prolonging vegetative 
growth. The yield of dry matter was much increased and the nitro- 
gen content enhanced, as would be expected. Little effect was pro- 
duced in the amounts of cellulose and lignin, though on some samples 
the cellulose content seemed slightly reduced and the lignin content 
increased as a result of the applications. The ratio of cellulose to 
lignin, which might perhaps be considered as some measure of the 
degree of lignihcation was curiously enough almost consistently nar- 
rower in the plats that had received nitrogen. In all cases, however, 
the fructosan was reduced, this being in accord with observations on 
the effect of nitrogen on this constituent in barley (i, 8). 


Table 5 . — Yield and composition of Cocksfoot, iQsy, composition expressed as 
percentage of oven-dry material. 


Sample 

No.*^ 

Date 

cut 

Grams 

per 

sq. yd. 

Crude 

protein, 

% 

Cel- 

lulose, 

% 

Lignin, 

% 

Fruc- 

tosan, 

% 

1 

1 Cellulose 

' Lignin 

' 'i*n : 

May 10 

90 

12.3 

38.5 

7*9 

11*3 

! 4.9 

2-0 

May 18 

130 

II.O 

42.4 

7.1 

1 1. 1 

1 6.0 

■ 2-^. 

May 18 

^ 124 ■■ 

15.4 

41-3 

7.0 

94 

5*9 

3-0 

May 24 

, i 66 

9.9 

444 

8.6 

8.7 

■ . 5-2 

3-N 

May 24 

1 186 

12.1 

46.0 

8.7 ; 

5*8 

5-3 


May 31 

196. . 

. "7‘5 ■ 

46.8 

10.2 : 

8.3 

1 4*6 

4-N 

May 31 

■ 277- 

, T2.3 ; 

447 

II. I ■ 

4‘8 

4,0 

.3-0 

June; 

257 

1 7-0 i 

45-8 

II. I 

7.5 

1 4.1 

5^N 

' June; 

377 

10.3 i 

45-8 

I2iO 

5-7 

3.8 

6-0 

i June 14 

284 

■ 5-3-: ■ 

48-9 1 

II. r 

6.9 

44 

6-N 

i June 14 

413 

10.6 

. ^ 46.2 . : 

12.4 

5.0 

37 

■ 7-0 

June 21 

335 

l' / 54 ^': 

■■48.6. ■ 

11,9 

7.8 

4.1 

7 -N 

June 21 

456 

9.1 

45 -d 

.124 ■■■: 

7‘3 

37 

8-0 

June 28 

314 

54 

46.4 

1 2. 1 

9.7 

3.8 

8-N 

June 28 

260 

7.9 

44-3 

! II.8,.' '■ 

8.2 

3*8 


^Samples with suffix N came from plats receiving nitrogenous fertilizer; those with O from un- 
treated plats. Applications of nitrogen were made as follows: On May 10, ammonium sulfate 
equivalent to 46 lbs. N per acre; on May 24 and June 7, ammonium sulfate equivalent to 23 lbs. N 
■■'per' acre. 

The second growth was taken from all plats after an interval of 
four weeks, no further additions of nitrogen being made (Table 6). 
As in the first growth the effect of nitrogen seemed to be manifest in a 
reduction in fructosan content and an increase in lignin. The fructosan 
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was in all cases relatively low, but unlike rye grass it cannot be Sa,id 
of the second growth that the percentage content of structural con- 
stituents IS higher than the first growth when material of approxi- 
mately equal nitrogen content is compared. 


Table 6. Yield and composition of Cocksfoot {second cut 4 weeks ^Towfh) 
expressed as percentage of oven-dry sample. 


Sample 

No.* 

Date 
, cut 

, Grams per 1 
sq. yd. ! 

j 

i 

Crude 

protein, 

% 

Cellulose, 

% 

Lignin, 

% 

Pi'uctowin, 

% 

i-Oi 

June 7 

1 ■ ■ 55 ' 

12.0 i 

40.1 

1 : 8.6 

6.7 

i-Ni 

June 7 

1 137 

19-3 

40.8 

9.0 


2-O1 

June 14 

1 49 

13-5 

43.5 1 

8,8 . 

3*5 

2-Ni 

June 14 

119 

17.9 

41.0 

1 0.0 

2.8 

3-01 

June 2 1 

1 41 

12.2 ' 

42.1 

8.2 

6.1 

3-Ni 

June 21 

123 

14-3 ^ 

40.8 

ro.o 

5-0 

4-O1 

June 28 

35 

11.7 

40.5 

8.9 

6,7 

4-Ni 

June 28 

106 

14.1 

39 ‘S 

9.1 

6.0 

5-O1 

July 5 

21 

12.0 

42.7 

8-3 

5 -Jf 

5 -Ni 

•July 5 

68 

14,0 

40.8 

8.4 

54 

6“Or 

July 13 

20 

12.2 

46.8 

^•5 

5«6 

6-Ni 

July 13 

6r 

13.6 

44.1 

9.9 

5.7 

7-0 1 

July 20 

23 

10.9 

44.S 

9*5 

3*5 

7-N I . 

July 20 

45 

12.3 

444 

9.1 

4.4 

8-0 1 

July 27 

12 

lO.I 

44.2 

9*9 

2 .6 

8-Ni 

July 27 

24 

X 3-5 

43*8 

9.8 

3-7 


’^'Samples with suffix N came from plats which originally received nitrogenous fertilizer. 


These data have been presented not so much to prove certain 
theories or to indicate certain changes in grasses, as to demonstrate 
the possibilities of this approach to studies of composition. In them- 
selves they are insufficient and only a beginning of what will have to 
be done extensively if a detailed picture is to be obtained of the varia- 
tion in composition of herbage with age, with fertilizer treatment, 
and with management. Arising out of the data presented, the follow- 
ing points seem to call for attention and to be capable of solution by 
an extension of the direct methods of determination just described : 

First, what is the nature of the primary and secondary carbohy- 
drate metabolism of grasses? Is fructosan a major temporary reserve 
only in rye grass, or is it to be found generally in many species? What 
relationship, if any, is there between fructosan formation and storage 
and the rapidity of new growth following cutting or grazing? Are 
there other reserve carbohydrates as yet unidentified ? 

vSecond, what is the influence of ligniflcation or lignin deposition on 
the digestibility of herbage? Are the advantages of feeding young 
grass so exclusively confined to the higher protein content and greater 
digestibility of the cellulose as has been supposed, or may not the 
replacement of much soluble polysaccharide by insoluble structural 
constituents be also concerned? 

Third, what is the nature of the hemicelluloses of grasses? How^ may 
they be determined, and what role, if any, do they play in affecting 
the value of the herbage? Can they act as reserves, as has sometimes 
been asserted, or should they properly be regarded as structural con- 
stituents and consequently out of circulation so far as renewal of 
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growth after cutting is concerned? Because of limits of time this group 
has not been discussed, but it should perhaps be stated that in all the 
samples mentioned the hemicelluloses were probably quantitatively 
more important than the lignin. 

This list of questions could be considerably extended, particularly 
if the nitrogenous constituents are also included. Most of the questions 
arc quite fundamental to a fuller understanding of grasses and the 
proper management of grassland. Their solution depends on the 
further development of biochemical methods in this field and the 
abandonment of empirical procedures as research tools. 
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THE INFLUENCE OF EXCHANGEABLE IONS AND 
NEUTRAL SALTS ON THE pH OF SOILS^ 

M. PUFFELES^ 

S orensen and Palitzsch in their investigations on the pH of 
salt solutions, came to the conclusion that two solutions contain- 
ing some dissolved inorganic material show the same coloration when 
tested with an indicator if their pH’s are similar. If the coiK^entrations 
of the two solutions vary, however, the indicator does not show the 
same color. Thus, they demonstrated the lowering of the pH on the 
addition of some salt to one of the solutions having similar concen- 
trations and naturally came to the conclusioti that the addition of 
such a salt, whether neutral or not, increases the pH or its activity, 
which, in its turn, results in a lower reading. Later, they (12) also 
demonstrated that the determinations of the pti in a neutral salt 
solution do not agree when measured by means of electrometric and 
colorimetric systems. Their determinations gave a mean difference 
of 0.05 to 0.07 between the two methods. They also found that in a 
3.5% neutral salt solution the pH is diminished by 0.24. 

McBain and Colman (8) found that the rate of inversion caused 
by 0.25 N/HCl was mcreased by 8.47% on the addition of 0.25 
N/KCl solution. Michaelis and Rona (9) have demonstrated that 
variations of color in a solution do not depend solely on the pH, but 
are also affected by the concentration of neutral salt in the solution. 
They think that changes in the color of the solution are due to the 
effect of the neutral salt on the dissociation constant of the indicator. 
They also found that by adding a neutral salt, such as NaCl, to a 
solution of acetic acid, the dissociation constant of the acid is in- 
creased. The influence of a neutral salt on lowering the pH of a given 
soil is now a well-known fact in the case of humid soils. Such lowering 
also serves as an index of the unsaturation of the zeolite-complex 
and of the amount of lime which should be added to the soil. In the 
case of arid soils very few investigators have observed a diminishing 
pH value following the addition of a neutral salt. Arrhenius (2) has 
shown that the presence of salts in certain Egyptian soils has pre- 
vented the formation of black alkali. He also points out that the addi- 
tion of a neutral salt to an alkaline clay (considered an absorptive, 
saturated clay) produces a greater lowering of the pH than its addi- 
tion to unsaturated soils and attributes this to the fact that the addi- 
tion of a neutral salt activates the hydrogen ions and suppresses the 
OH group. As to the degree of activation exercised hj the non- 
metallic ions on the hydrogen-ion concentration in the soil, Arrhenius 
found that Cl is more active than NO3, while nitrate is more active 

^Contribution from the Central Laboratories, Dept, of Health, Government 
of Palestine, Jerusalem. Received for publication May 16, 1939. 

^Chemist, The author wishes to express his thanks to G, W. Baker for his 
advice and corrections on this paper and to S. Adler for her assistance in the 
analytical work reported here. 

^Figures in parenthesis refer to "Literature Cited", p. 766. 
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than SO4, As fat as the cations are concerned the strongest is Fe,'^ 
then come Ca, Mg, K, NH4, and lastly Na arranged in decreasing 
strength. 

The writer (10) has observed in an investigation of many Jericho 
soils that the addition of a neutral salt decreases the value of the pH. 

Aarnio (i), in his study of the influence of absorbed ions on soil 
reaction, has found that the pH of clay saturated with a monovalent 
or bivalent cation decreases with an increase in atomic weight, and 
is lower in the case of the bivalent cation clays as compared with the 
monovalent type. 

Wiegner, et al. (13, 14, 15) and Gallay (4) measured the viscosity 
and the ultramicroscopic coagulation of the suspension of different 
clay cations. In doing this they discovered, that the position of these 
cations in the periodic system was interrelated with the water ab- 
sorptive and coagulation properties of the clay which they saturate. 
It was found that, as a rule, the increase in the atomic^ weight of 
monovalent and bivalent cations fixed by the clay soils brings about 
a lessening of the watex'-absorbing power of the clay cation, increas- 
ing at the same time its capacity for coagulation. 

It seems reasonable to suggest, therefore, that the absorbed cation 
might have a specific influence on the stability of the complex, as 
well as on the pH, and that a neutral salt would also influence the 
different exchangeable cations. 

METHODS 

Three different t3^pes of soil, viz., a heavy, a light, and a calcareous soil, were 
chosen for the experiment with a view to discover the influence of neutral salts 
on the pH in the solutions. 

Colorimetric measurements were used of water extracts of the soils rendered 
as colourless as possible. Since filtration affects the reaction of the extract, the 
latter were prepared by the ceixtrifuging. In cases where the suspension was not 
clear, it was clarified with barium sulfate, using Kuhn’s method (7). The actual 
measurements were taken with the Hellige comparator. Pyrex glass was used for 
the determinations of colors in order to avoid errors consequent on the solubility 
of glass. The water used was twice distilled and its pH determined prior to use. 
The KCl used was an “A.R.” reagent. 

The experiments were made in three different ways, as follows: (a) By diluting 
the soil with different quantities of water and shaking for a fixed length of time 
{3 minutes), according to Gedroiz (5); (b) by f)reparing the stime dilution (1:5) 
and shaking for different periods of time; and (c) by preparing artificial soils, 
such as a Ca, a Mg, a K, and a Na soil, diluting them with different concentra- 
tions of N/KCl, and measuring the pH in these preparations. 

DESCRIPTION OP SOIL SAMPLES 

Samples I and 21 . — These were red sandy soils taken at the colony of Rehoboth 
in the Southern District of Palestine, The landscape of the red sandy areas can 
be described as hilly. With the exception of a surface layer (0.50 cm) which is of a 
darkish color owing to the organic matter it contains, the profile of the sample 

^The iron salts of strong acids, in general, tend to hydrolyze in solution giving 
a rather strongly acid reaction. 
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shows the same vStructure. Samples were taken at two depths, namely, 0-50 ems 
and 50-100 cms. 

Samples III and /F.—Tliese were dark red loamy soils of the colony of Hederah 
in the Northern District of Palestine. They belong to the type of soil developed 
in situ on calcareous rocks with a low content of line (CaCO., less than 0.5%). 
They were also taken at two depths, namely, 0-50 cms and 50-100 cms. 

Sample V, — This was a dark, dull, brown to red lime and clay soil. It w’as taken 
in the Jordan Valley west of Allenby Bridge. It consists of a diluvial sediment at 
the foot of the mountains which has been destroyed in the course of time and 
overlaid by a layer of alluvial, deposit brought down by mechanical processes 
(wind, rain, etc.), A pit i meter deep was excavated and, since the soil was homo- 
genous, one sample was taken from a depth of 0-100 cms. 


RESULTS AND DISCUSSION 

Since the results of the mechanical and other determinations of 
samples I and 11 , on the one hand, and of samples III and IV, on the 
other hand, were similar, the data recorded in the tables are averages 
of two samples. Table i shows the results of the mechanical analyses 
made according to the Sudan method worked out by Beam (3). It 
also records the lime content of the soil. 

Tabi.e i.-~MecJia.nical analysis and lime content of the soils. 


Soil 

No. 

Clay 

(<0.002 mm) 
% 

Silt 

(o.oo2~o.o2 mm) 
% 

Fine sand 
(0.02-0.2 mm) 
% 

Coarse sand 
(0.2-2 mm) 
% 

CaC03, 
calculated 
from CO 2 
% 

I 

5-4 

2,4 

70.3 

21.9 

<0.5 

II 

57-5 

15.6 

25.4 


<0,5 

III 

46,8 

20.8 

20,0 

124 

36.6 


Determinations of the pH were made in the case of each of the live 
soils in water extracts and in normal potassium chloride solutions. 
Table 2 shows the values of the pH when using the 3 “minute extrac- 
tion method of Gedroiz (s) with six dilutions ranging from 1:1 to 
1:160, as conducted by Joseph and Martin (6) in some of their 
experiments. 


Table 2. — 

The pH 

values 

of the soils at different dilutions and for 3 minute 





extractions. 






Water extract 

N/KCl extract 

Difference 

Dilution, 
soil to water 

Soil 

Soil 

Soil 

Soil 

Soil ■ 

Soil 

Soil 

vSoil 

vSoil 


No. 

No. 

No. 

No. ^ 

No. 

No. 

No. 

No. 

No. 


I 

11 

Ill 

I 

11 

Ill 

I 

11 

Ill 

i:i 

6.8 

8.0 

8.1 

6.65 

7-3 

7*5 

0 .J 5 

0.7 

0.6 

1:5 

7-15 

8.5 

8.5 

6.75 

7-3 

7-9 

0.4 

,1.0 1 

0.6 

1:10 

7.2 

8.4 

8.5 

7*05 

7-3 

8.1 

0*15 

1 . 1 ^ 

04 

1 :40 

7*1 

7.85 

8*5 

7.05 

7.3 

8.5 

0.05 

0.55 

0.0 

1:80 

7-3 

7*7 

8.5 

7,10 

7*3 

8.6 

0.2 

0.4 

O.l 

1:160 


74 

8.6 

7‘i 

7-3 

8.6 

0.0 

0.1 

0,0 


764 JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 

Table 3 shows the pH values of the soils, using a i :5 dilution with 
five periods of extraction ranging from 3 minutes to 8 days. 


Table $.~~-The pH values of the soils with differ e^it extraction periods. 


Extraction 

Water extract 

N /KCl extract 

Difference 









Soil 

period 

Soil 

wSoil 

Soil 

Soil 

Soil 

Soil 

Soil 

vSoil 

No. 

No, 

No. 

No. 

No, 1 

No. 

No. 

No, 

No. 


I 

II 

Ill 

I 

II 

HI 

I 

II 

Ill 

3 miiis ... 

■ 7*15 

8.3 

8.5 

6.75 

7-3 

7‘9 

0.4 

1,0 

0.6 

I hour. ...... 

7.1 

8.0 

8.3 

7,x 

7-3 

7-9 

0.0 

0.7 

0,4 

I day 

71 

8.2 

8.3 

7.1 

7.6 

7.9 

0.0 

0.6 

0.4 

2 days. 

7-J 

S.x 

8.3 

6.9 

7-5 

7*9 

0.2 

0.6 

0.4 

4 davs. ...... 

7-3 

8.0 

8.1 

1 6.9 

7.5 

7.9 

0.4 

0.5 

0,2 

8 days. 

7.1 

8.0 

8.1 

! 6.9 

7-5 

8.1 

1 0.2' 

0.5 

0.0 


Table 2 shows that the greatest reduction in pH caused by the 
addition of a neutral salt occurred in heavy soils. In these soils the 
reduction reached i.i in the i :io dilution, but decreased wdth further 
dilutions. The two light soils in a 1:5 dilution showed a decrease of 
0.40 ill the pH values, with further diminution on greater dilution. 
The calcareous soils showed a lowering of 0,6 in pH vlaues in dilutions 
of I :i and 1:5, while the value decreased still more on further dilution. 

In Table 3 it will be noted that neutral salts influenced the pH 
value most in the case of heavy soils the difference being i.o after 
3 minutes but lessening with increasing time of extraction. In light 
soils the pH values were equal after 3 minutes and 4 days (0.4). In 
calcareous soils the difference in pH was 0.6 after 3 minutes, but 
remained constant from 1 hour to 2 days (0.4), but decreasing with 
longer periods of time. 

In order to ascertain the influence of the exchangeable cations Ca, 
Mg, K, and Na on the addition of a neutral salt, the light and heavy 
soils described above were prepared by treating them with 0.05 
N /HCl until they completely lost the above-mentioned cations. The 
soils were then treated separately with N /CaCh, MgCla, KCl, and 
NaCl, shaken for 24 hours, and washed with distilled water until 
they became completely free of chlorine. Next, each sample was 
dried until free of moisture. In order to determine the pH in these 
specially prepared samples and the influence of neutral salts on them, 
they were tested with water and N /KCl. Further, the changes under- 
gone by the pH were ascertained by adding different quantities of 
N /KCL The results are given in Table 4, 

Frorn the results obtained it may be concluded that (a) heavy 
soils with exchangeable bases always show a higher pH than light 
soils; and that (b) in a water extract of 1:5 the pH values of different 
soils with monovalent or bivalent cations decreased with an increase 
in the atomic weight of the cations and are lower in the ease of bi- 
valent cations than in the case of the monovalent cations ; (c) that on 
the addition of different quantities of N /KCl the pH value diminishes 
in all soils with an increase in KCl, and in heavy soils the diminution 
is greater than in light soils; and (d) that so far as the influence of 
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Table 4.-~-The hydrogen-ion concentrations in Water extract (i:<) of artMcialh 
prepared sotls, quanHties of N/KCl and the differences between them. 


N/KC1:H.0 

Ca soil 

Mg soil 

Light 

Diff. 

Heavy 

Diff. 

Light 

Diff. 

Heavy 

Diff. 

0:25 

7.2 

0,0 

74 

0.0 

7.1 

0,0 

7-3 

0.0 

1:24 

7.2 

0.0 

74 

0.0 

7.1 

0.0 

7-3 

0,0 

5:20 

7.2 

0.0 

74 

0.0 

7.1 

0.0 

7*3 

0,0 

10:15 

7.2 

0.0 

74 

0.0 

7-1 

0.0 

7.2 

O.I 

15:10 

7-15 

0.05 

7-3 

O.I 

7.0 

O.I 

7.0 

0.3 

20:5 

7-1 

O.I 

7.2 

0.2 

6,9 

0.2 

6.8 

0.5 

25:0 

7.0 

0.2 

6.9 

0.5 

6.8 

0,3 

6.6 

0.7 



K soil 



Na soil 


N/KC1:H.0 









Light : 

Diff. 

Heavy 

Diff. 

Light 

Diff. 

Heavy 

Diff. 

0:25. . . . . . 

6.8 

0.0 

7.0 

0.0 

7-3 

0.0 

7-5 

0.0 

1 :24 

6.8 

0.0 

6.8 

0.2 

7-3 

0.0 

7-3 

0.2 

5:20 

6.6 

0.2 

6.6 

0.4 

7.0 

0-3 

7.0 

0.5 

10:15 

6.5 

0.3 

6.4 

0.6 

6.6 

0.7 

6.7 

0.8 

15:10 

6.5 

0.3 

6.3 

0.7 

6.5 

0.8 

6.4 

i.i 

20:5 

6.4 

0.4 

6.1 

0.9 

6.2 

1. 1 

6.0 

1.5 

25:0. 

6.2 

0.6 

5.8 

1.2 

6.1 

1.2 

5*6 

r .9 


KCl on the reaction and its specific influence on the stability of the 
complex are concerned, Ca soils are most stable, with Mg and K 
soils next in order, and Na soils last. 


SUMMARY 

The following conclusions may be drawn from the experiments 
reported here : 

1. The observation that the pH value of a soil is lowered on the 
addition of a neutral salt is valid not only in the case of humid soils 
but also in arid soils. We cannot speak here of saturated and unsatu- 
rated soils, only more or less saturated soils. All the processes which 
render humid soils unsaturated also take place in arid climates, but 
much less intensively. 

2. Analytical data confirm the fact that the dilution of 1:5 and an 
extraction time of 3 minutes give optimum results. 

3 . On the addition of a neutral salt, the pH value diminishes most 
in heavy soils and least in light soils. 

4. A close relation exists between the position and valency of the 
absorbed complex and the pH of the soil. 

5. In preparing diflerent types of soils, such as Ca, Mg, K, and Na 
soils, it was observed that bivalent soils, i.e., Ca and Mg soils, were 
less affected by the addition of neutral salts than the monovalent 
types, i.e., K and Na soils. Also, Ca soil was less affected than Mg 
soil and K soil than Na soil. 

6. The fact that the addition of a mineral fertilizer to the soil causes 
a diminution of the pH in the soil is of immense importance to the 
practical agriculturist. By examining the exchange of bases in the 
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soil, he can arrive at an accurate estimate of the extent to which the 
soil would be affected by the addition of a mineral fertilizer and what 
means should be taken, e.g., addition of lime, in order to prevent the 
accumulation of acids in tile soil. 
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THE GROWTH OF KENTUCKY BLUEGRASS AND OF 
CANADA BLUEGRASS IN LATE SPRING AND IN 
AUTUMN AS AFFECTED BY THE LENGTH 
OF DAY^ 

Morgan W. Evans and James M. Watkins- 

T his report is devoted chiefly to a study of the efl-ects of length of 
day upon the seasonal habits of growth of Kentucky bluegrass 
iPoa pretensis L.) and of Canada bluegrass i^Poa compressa L,), No 
critical studies were made of the effects of variations in temperature 
aside from the effects of those differences occurring naturally at the 
two seasons when expeiiments w^ere conducted. It is recognized, how- 
ever, that the habits of growth of these species of grass may be 
affected by tempei'atures (4).^ 

Plants of both Kentucky bluegrass and of Canada bluegrass, grown 
under the natural photoperiods of late spring and early summer in the 
latitude of Wooster, Ohio, produce upright shoots, vSimilar plants 
grown under the natural photoperiods prevailing during fall and early 
spring, on the other hand, produce decumbent or semi-decumbent 
shoots. In rhizome production the two species differ from each other 
at both of these periods. 

Plants of Kentucky bluegrass grown at these two periods are 
illustrated in Fig. i. The plant which made its growth in spring and 
early summer produced relatively f ew shoots, both shoots and leaves 
growing in a more or less upright position. Two underground stems 
or rhizomes w'ere produced. The plant which made its growth in the 
fall produced a larger number of shoots, but both steins and leaves 
grew in decumbent or semi-decumbent positions and no rhizomes 
developed. 

At the latitude of Wooster, Ohio, during the time when the experi- 
ment was conducted in late spring and early summer, the length of 
day, from sunrise to sunset, gradually increased from 14.5 hours on 
May 17 to 1 5. 1 hours on June 10, remained at approximately this 
length until July 2, then decreased to 15.0 hours. In the experiment 
conducted in the fall the length of day gradually decreased from 12.3 
hours on September 20 to 10. i hours on November 9. In the spring 
the average length of day was 15.0 hours; in the fall it was 11.2 hours 
(3, pages 6-7). From May 17 to July 6 the mean daily temperature 
was 67° F, and from September 20 to November 9, 52*^ F. No records 
were obtained of the night temperatures within the boxes used to 
cover the short-day plants. Presumably these temperatures were 

iPaper delivered by the senior author on May 6, 1938, before the Botanical 
Section of the Ohio Academy of Science. The investigation was conducted at 
Wooster, Ohio, by the Division of Forage Craps and Diseases, Bureau of Plant 
Industry, U. S. Dept, of Agriculture, cooperating with the Department of Agrono- 
my, Ohio Agricultural Experiment Station, Wooster, Ohio. Received for publi- 
{\ation June 8, 1939. 

^Associate Agronomist and Agent, respectively, Division of Forage Crops and 
Diseases, Bureau of Plant Industry, U. S. Dept, of Agriculture. 

^Figures in parenthesis refer to ‘'Literature Cited”, p, 773. 

767 


768 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

modified to some extent during the 15,5 hours that the plants were 
covered^ 

EXPERIMENTAL METHODS 

On May 17, 1937, typical plants of Kentucky bluegrass and of Canada blue- 
grass, grown from commercial seed sown August 24-25, 1936, were transplanted 
to three separate sets of duplicate plats. In these plats, each of which was approxi- 
mately 4x4 feet, the rows were i foot apart and the plants 6 inches apart in the 
rows. Final records were obtained from 2 1 plants in each plat, or from 42 for each 
treatment. 



Fig, I.— Typical young plants of Kentucky bluegrass grown under natural 
illumination. A, collected July 9, 1937; B, collected November 24, 1937. 


One set of duplicate plats grew with normal daily illumination. The second set 
of plats was artificially illuminated for a sufficient length of time after sunset so 
that they received light approximately 18 hours each day. For this purpose 12 
mazdji 200- watt electric light bulbs, automatically controlled by an electric time 
dock, were used. They were arranged in two rows of six lights each, 4 feet above 
the ground and spaced 4 feet from center to center. At the surface of the soil the 
illumination ranged from approximately 65 to 80 foot-candles throughout the 
area occupied by these plats.^ Each plat in the third set was covered part of each 
day with a box measuring approximately 4 x 4 x4 feet and painted black inside 
and white outside. There w^ere in each box two 4-inch curved ventilating pipes 
placed at different levels at the rear, painted black inside so that they admitted 
no light. The boxes were kept over the plants from 4:30 p.m. until 8:00 a.m. 
These plants, therefore, received 8.5 hours illumination daily.^ 

^Acknowledgments for measurements of the intensity of illumination at night 
under the electric lights are due to J. P. Ditchman, Nela Park Engineering 
Department, General Electric Company, Cleveland, Ohio. 

^Helpful suggestions and advic'e in regard to the method and equipment used 
for growing the plants under the different lengths of day were received from H, A, 
Allard, Division of Tobacco and Plant Nutrition Investigations, Bureau of Plant 
Industry, U. S. Dept, of Agriculture. 
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Since, with the equipment at hand, there was no way in which the artificial 
light used at night on the long-day plats could be effectively screened off from the 
adjacent areas, it was necessary to place the check plats of plants grown under 
natural illumination at some distance. The two sets of plats were 325 feet apart. 
The short-day plats were in an area adjoining the check plats. Both groups of 
plats were located on similar slopes. Between them was an 8% slope which helped 
to prevent the electric light rays from reaching the check plats. Where the long- 
day plats were located the slope was about 4%. In the other location it was about 
3%. In each location the soil was the Wooster silt loam, with the A horizon about 
12 to 14 inches deep.^*’ Soil conditions, therefore, were closely similar in all plats. 

The lights and the dark boxes were used from May 17 to July 6. The data for 
this experiment were recorded on July 9. 

A second, similar experiment was conducted in these plats in the fall of 1937, 
The seed was sown on August 19 in rows 8 inches apart. The plants were thinned 
about September 20 to a distance of approximately 4 inches apart. The lights and 
the dark boxes were used from September 20 to November 26. Pinal records of 
the numbers of shoots and rhizomes were obtained from 28 plants under each 
treatment— with the exception that records were obtained from only 14 plants of 
Kentucky bluegrass grown under long days. The average degree of elevation of 
the shoots were based on measurements of from 45 to 60 shoots for each treatment 
— with the exception of Kentucky bluegrass grown under long days, for which 
the average degree of elevation is based on measurements of 27 shoots. 

Standard errors were computed for the data on shoots and rhizomes for both 
experiments. The following comparisons were made for each species: Long with 
natural day, long with short day, and natural with short day. The. level of signifi- 
cance was determined from Livermore’s (2) table. 

HABITS OF GROWTH OP ABOVE-GROUND PARTS OF PLANTS 
AS AFFECTED BY LENGTH OF DAY 

EXPERIMENT CONDUCTED IN LATE SPRING AND EARLY SUMMER 

Records in Table i show the habits of growth of plants of Kentucky 
bluegrass grown during spring and eai'ly summer, under natural 
lengths of day, under days iS.o hours long, and under days 8,5 hour>s 
long. Under long days the shoots grew in an upright position, like 
those produced under natural lengths of day. The number of shoots 
per plant under long days was about two-thirds as great as on plants 
grown under natural lengths of day, but only about one-third as great 
as on the plants grown under short days. The plants grow under 
short days, compared with those grown under natural conditions, had 
about twice as many shoots per plant, and they grew in more nearly 
decumbent positions. Under all lengths of day the percentage of 
shoots producing inflorescences was small. This may be related, at 
least to some extent, to the small size in early spring of the plants 
which had developed from seed sown in the preceding August, 

Fig. 2 illustrates the upright habit of the plants of Kentucky blue- 
grass grown under 18,0 hours illumination, and the procumbent posi- 
tions of the shoots when the plants were grown under 8.5 hours daily 

fiAcknowledgments are due Mrs, Elizabeth B. Mickel.son of the Department 
of Agronomy, Ohio Agricultural Experiment Station, for the description of the 
topography and of the soil where this experiment was conducted. 
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illumination. Table i shows that an the plants of this .species tinder 
long days the number of shoots was reduced and under short days 
the number of shoots was much greater than on plants grown under 
natural lengths of day. Significant differences were obtained from all 
comparisons on, the number of shoots per plant under the three lengths 
of day. The only significant difference obtained on the length of 
shoots was between the long- and short-day plants. 


Table i.— Records of plants of Kentucky hluegrass and of Canada hluegrass 
groimi in the spring of xgjy under natural, long, and short days. 


■Length 
of day 

Shoots 

Rhizomes 

Average per plant 

Average i 
length of 
longest*, 
mm 

Average 
number 
per x^kuit 

Average 
length of 
longest, 
mm 

Total 
nuni- 
[ her 

With in- ■ 
floresceti- 
ces, % \ 


Ratio of 
number 
shoots to 
I’hizomes 


Kentucky Bluegrass 


Natural day 

31 

2 

317 ; 

52 

130 

100:167 

Long day 

20 

5 

353 i 

3S ; 

1 10 

100:190 

Short day 

61 

2 

28s 

41 

128 

100:67 



Canada Bluegrass 



Natural day 

i 55 

4« 

1 440 

27 1 

84 

100:49 

Long day 

i' 35 ' 

65 

i ;472 . 

8 1 

45 

100:23 

Short day 

80 

8 

186 

18. ! 

65 

100:22 


^Records of lengths were made only of those shoots with inflorescences. 


The effects of the lengths of day upon the plants of Canada bltxe- 
grass were much the same as upon the plants of Kentucky bluegrass. 
IJnder short days the number and percentage of Canada bluegrass 
shoots with inflorescences were less than on plants grown under long 
or under natural lengths of day. On the plants grown under both 
natural and long days, the inflorescences were normal; under short 
days spikelets with proliferations occurred on 78% of them. The 
differences in the total number of shoots between any two lengths of 
day were found to be highly significant. In compaiisons of length and 



Rjg. a. — ^Kentucky bluegrass, June 30, 1937. A, plants grown with 18 hours 
I 6 dXy illumination; B, plants grown with 8.5 hours daily illumination. 
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number of shoots with inflorescences, the short-day plants were found 
to be significantly different from the natural- and long-day plants. 


EXPERIMENT CONDUCTED IN THE PALL 

On the plants of both species grown in the fall under days approxi- 
mately 18 hours long, the stems resembled those grown under natural 
lengths of day in late spring in having both shoots and leaves which 
tend to grow in an upright position. The number and length of shoots 
per plant on long-day plants were found to be significantly different 
from short- and natural-day plants. Table 2 shoWvS that the average 
elevation of the stems on plants grown under long days was 69 
degrees above the horizontal for Kentucky bluegrass and 47 degrees 
above the horizontal for Canada bluegrass. Under short days, this 
elevation was 23 and 20 degrees, respectively. Under the natural 
lengths of day occurring in late November, the shoots were appressed 
toward the soil almost as much as on the plants grown under 8.5 
hours daily illumination. 

Table 2. — Growth of Kentucky bluegrass and of Canada bluegrass as affected by 
different lengths of dayC 




Shoots 



Length 
of day 

Average" per plant 

Degrees eleva- 

Average 
number of 

1 rhizomes 


Total 

number 

Length of 
: longestf, mm 

surface of the 
soil 

1 per plant 


i 

Kentucky Bluegrass 


Natural day 1 

8.9 1 

15 .1 

28 

0.3 

Long day | 

4*1 1 

86 ■ 

69 

0.7 

Short day 

10.9 

H 1 

Canada Bluegra: 

23 

3S ' 

, 0.2 

Natural day 

10.7 1 

1 ■ 18 ' 

22 

0.9 

Long day 

7-5 ' ! 

1 75 ' ■! 

47 

0.5 

Short day 

10.9 i 

1 17 

' 20 ; , 

• 1.5 . 


lords were olitained November 26, 1937. fn>m plant: 


1937. ■ 

fThe length of each shoot was measured from its base to the juncture of the sheath and l‘)lade of 
the uppennost leaf . None of the shootfs on these plants grown in the fall had produced inflorescences. 

Under days 8.5 hours long, the habits of growth of the plants of 
both species closely resembled those of the plants grown under natural 
lengths of day at this season of the year. The shoots were short and 
more or less decumbent and had the form of growth commonly de- 
scribed as rosette. Hurd-Karrer (i) induced this habit of growth in 
winter wheat by reducing the length of day to 8 hours both on plants 
grown under temperatures ranging from. to 12® C and also under 
temperatures ranging from 20^ to 23® C. 

DEVELOPMENT OF RHIZOMES AT DIFFERENT SEASONS 
AS AFFECTED BY LENGTH OF DAY 

In the length-of-day experiment extending from May 17 to July 6, 
as shown in Table i, there was little difference in the number of 
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rhizomes’^ per plant of Kentucky bluegrass under 1 8.0 hours and 
under 8.5 hours daily illumination. The normal day plants were 
significantly different in this respect from both the short day and the 
long day plants. The ratio of rhizomes to shoots, however, was nearly 
three times as great on the plantvS grown under long days as on those 
grown under short days. The number of rhizomes on Canada blue- 
grass plants was greatest when grown under natural days; however, 
plants from each length of day were found to be significantly different 
from each other in number of rhizomes produced. On the Canada 
bluegrass plants the ratio of rhizomes to shoots was practically the 
same under long and under vShort days, but the plants grown under an 
18-hour day had only 8 rhizomes per plant while those grown under 
8.5 hours daily illumination had 18 rhizomes per plant. 

In the plats seeded on August 19, the Kentucky bluegrass pro- 
duced, as shown in Table 2, 0.7 rhizomes per plant under days 18.0 
hours long. This number was reditced to 0,2 under days 8.5 hours long. 
Canada bluegrass produced, under the longer day, an average of 0.5 
rhizome per plant while under the shorter day this number was in- 
creased to 1.5. 

In respect to the lengths to which the rhizomes grew under short 
and under long days in neither experiment and for neither species do 
the records show any very definite trends. 

In another set of plats sown August 24-25, 1936, records of the 
number of rhizomes were obtained from either 5 or 10 plants, with 
the exception that only 3 plants of Canada bluegrass were examined 
on April 15, on different dates in the spring of 1937. On the plants of 
Kentucky bluegrass the following average numbers of rhizomes per 
plant had developed on these dates; March 22-23, 0.0; April 5, 0.4; 
April 15, 0.2; April 30-May i, 0.0; May 15, 6.4. On the plants of 
Canada bluegrass, the average numbers of rhizomes per plant were 
as follows: March 22-23, 0.4; April 5, 3.4; April 15, 8.6; May 15, 11.8. 
These data show that the plants of Kentucky bluegrass produced 
very few rhizomes up to May i, after which time there was a rapid 
increase in their numbers. On the plants of Canada bluegrass, on the 
other hand, beginning with 0.4 rhizome per plant on March 22-23, 
there was a gradual increase in their numbers, and by May 1.5 there 
were approximately 12 per plant. 

On typical plants from other plats of both species sown on April 
24, 1937, there was by July 9 an average of 3.2 rhizomes per plant on 
Kentucky bluegrass plants and an average of only 0.7 rhizomes per 
plant on Canada bluegrass plants. 

In the various experiments at Wooster, Ohio, which have been 
described, young plants of Kentucky bluegrass produced fe\v rhizomes 
during late fall or very early spring. They did not begin development 
in large numbers until May. Young plants of Canada bluegrass, on 
the other hand, produced relatively large numbers of rhizomes both 
in late autumn and in very early spring; relatively few began their 

^In this paper, a rhizome refers to an underground stem having one or more 
elongated intemodes. The rhizome may be either a primary one or a branch, and 
it may or may not be terminated by an above-ground shoot, though in these 
experiments few or none of the rhizomes had produced shoots. 
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growth in late spring and early summer. The data from plants gi'Own 
under days of different lengths indicate that the difference in the 
seasonal growth of the rhizomes of these two species is largely due to 
the tendency for Kentucky bluegrass rhizomes to develop in greatest 
numbers under relatively long days, and for the rhizomes of Canada 
bluegrass to grow in largest numbers under short days. 

SUMMARY AND CONCLUSIONS 

Plants of Kentucky bluegrass and of Canada bluegrass were grown 
from May 17 to July 6, 1937, under natural lengths of day and under 
days with 18.0 hours and with 8.5 hours daily illumination. During 
this period the mean daily temperature was 67° F, and the average 
length of natural photoperiod was 15.0 hours. A similar experiment 
was conducted from vSeptember 20 to November 26, 1937, with a mean 
daily temperature of 52° F and an average length of day of 11.2 
hours. 

Under the relatively long days of late spring and early summer, 
on the p>iants of both species the shoots were nearl^r upright, the inter- 
nodes became elongated, and on some of the shoots inflorescences 
developed. On the plants grown under the relatively short days 
during the fall, the shoots grew in decumbent or semi-decuraljent 
positions, the stems were not elongated, and no inflorescences de- 
veloped. Likewise, on the plants illuminated for 18.0 hours daily, 
both in late spring and early summer and also in the fall, irrespective 
of the differences in temperatures at these seasons, the shoots grew 
in upright or nearly upright positions and to relatively great lengths. 
In the spring, particularly on plants of Canada bluegrass, a large 
proportion of the .shoots produced inflorescences. On the plants illumi- 
nated 8.5 hours daily, the shoots grew in decumbent or sembdecum- 
bent positions, the internodes of the stems were not elongated, and 
few or no inflorescences developed. 

The rhizomes of Kentucky bluegrass developed in greater numbers 
during late spring and early summer than in late fall and early spring. 
Under experimental conditions in late spring the ratio of rhizomes to 
shoots was about three times as gi'eat, and in the fall the number of 
rhizomes per plant was much greater under long days than under 
short days. The rhizomes of Canada bluegrass developed in greatest 
numbers in late fall and early spring. Under experimental conditions 
at both times, greater numbers of rhizomes developed under short 
days than under long days. 

The distinguishing habits of growth of plants of Kentucky blue- 
grass and of Canada bluegrass during late spring and early summer 
are due primarily to the relatively long days occurring then. Like- 
wise, the habits of growth peculiar to the fall season are due primarily 
to the short days occurring at that time. 
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A SIMPLE MEASURE OF KERNEL HARDNESS IN WHEAT^ 

J. W. Taylor, B. B. Bayles, and Colburn C. Fifield^ 

A ny simple test that will aid the wheat breeder in measuring 
L characteristics of grain is of value in increasing the efficiency of 
the breeding program. In the eastern soft wheat region hard wheatvS 
are being used extensively as parents to secure resistance to various 
diseases and a simple test is especially needed for identifying, in the 
early generations, hybrid lines with vsoft grain. Hard wheats in gen- 
eral produce coarse granular flour and soft wheats fine smooth flour. 
The particle size index test developed by Cutler and Brinson'l appears 
to differentiate varieties in a very satisfactory way so far as this 
character is concerned. It is slow, however. The doughball time test 
has also been suggested by Cutler and Worzelhd as a measure of 
quality for small samples. Since the degree of granulation of a flour 
seems to be related to hardness of the grain, it occurred to the authors 
that- a pearler such as is used in the inspection of barley and which has 
also been used for studies in the milling of parboiled rice, might be 
useful in estimating the hardness of wheat samples. Some preliminary 
trials seemed to verify this assumption and hence a more extensive 
investigation was planned and carried out. The results appear promis- 
ing enough to justify presenting the results. 

MATERIALS AND METHODS 

The pearler consists of an enclosed grinding stone attached to a J/g h. p. direct- 
drive electric motor. An interval timer, a balance sensitive to o.oi gram, and a set 
of Tyler screens completes the apparatus necessary for the pearling test, 

Preliminary tests were made on grain of varieties grown in field plats at tlie 
Arlington Experiment Farm, Arlington, Va. Later samples from the varieties in 
the uniform soft winter wheat nurseries grown at several stations in the eastern 
.states were studied. Also, in order to obtain data with a wider range of kernel 
typ6.s, samples of a few winter and spring varieties grown in plats at experi- 
ment stations in the western United States were inchided. 

The wheat was .stored for two months or more, prior to tiearUng in an ordinary 
seed storage room. The moisture in the grain varied between m and 1 1 % and no 
shriveled or badly broken grain was used. The procedure used in the test was as 
follows: 

i. Approximately loo grams of wheat were jdaced on a No. 6 T^der screen 
held over a No. 8. After shaking a definite number of times by haml, three 20- 
gram samples were weighed from the grain remaining on the No. 8 .screen. 

2. A sample was placed in the pearler liiid the latter started and run exactly 
3 minutes. 

^Contribution from the Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Dept, of Agriculture. Received for publication June 15, 1939* 
and Associate Baking Technologist, respectively. 

^CuTLiUi, G. H., and Brinson, G. A. The granulation of whole wheat meal and 
a method of expressing it numerically. Cereal Chern,, 12:120-129. 1935. 

^Cutler, G. H., and Worzell.v, W, W. A modification of the Saundens' test 
for measuring “quality” of wheats for different purposes, Jour. Amer. Son. 
Agron., 23:1000-1009. 1931. 
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3. The gram and ritbbed-ofE material were removed from the maclime, screened 
on a No. 20 screen, and the grains riding the screen weighed to the hundredth 
gram, From this weight the percentage pearled off was calculated, 

EXPERIMENTAL RESULTS 

Table i gives the percentage pearled off of seven varieties of wheat 
grown at Arlington Farm in each of five years. The averages show 
little difference between Kawvale and Purkof. Red Rock could be 
separated from them each year by the difference in pearling results. 
Forward, though classed as soft red winter, is decidedly harder by 
this test than Leap, Trumbull, or Nittany. The last three varieties 
are considered among the softest of the red winter varieties and 
probably rank in softness in the order shown. 

Table i. — Percentage of kernels pearled off of seven varieties of soft red whiter 
wheat grown in each of five years at the Arlington Experiment Farm, 
Arlington, Va. 


Year and percentage of grain pearled off 



1934 

1935 

1936 

1937 

1938 

Average 

Purkof.. 

25-5 

25.1 

23.9 

22.0 

20.8 

23.5 

Kawvale 

23.8 

23-b 

22.4 

27.9 

22.0 

23.9 

Red Rock. ....... . . . 

32.1 

27,5 

27.7 

28.0 

24.6 

28.0 

Forward 

334 

30.9 

30.3 

334 

26.4 

30.9 

Trumbull 

i 37-5 

35-3 

33-2 

33‘2 

30.9 

34-0 

Nittany. 

1 39-9 

35-1 

35.8 

34-8 

31-9 

35*5 

Leap. ............ . . 

1 39-3 

35-1 

37-9 

37-8 

32.5 

36.5 


The results of a more extensive study involving 27 varieties grown 
in the Uniform soft winter wheat nurseries in 1936 at five stations, 
Lincoln, Neb.; Urbana, 111 .; Ithaca, N. Y.; Kearneysville, W. 
Va. ; and Arlington, Va., are presented in Table 2. Each pearling value 
given is an average of three determinations. Index of particle size 
from the same lots of grain grown at Ithaca and Kearneysville and 
doughbail time for those grown at Urbana and Kearneysville are also 
given for comparison. Index of particle size is based on single de- 
terminations only and doughbail time is an average of four determi- 
nations. Generalized standard errors for the pearling test are also 
given in Table 2 . The figures given are the standard errors of the mean 
applicable to the determination for each individual variety. Inspec- 
tion of the data indicated no relation between standard errors and 
percentage pearled off and consequently generalized standard errors 
are believed to be reliable for the purposes for which they are used. 
In this table varieties are arranged in the order of softness of grain as 
indicated by the pearling test. 

The relative ranking of the varieties for particle size index and 
doughbail time is in close agreement with the results obtained by 
Worzella and Cutler® for the same varieties grown at Lafayette, Ind. 

®WoR2ELLA, W. W., and Cutler, G. H. Character analysis of winter wheat 
varieties. Jour* Amer, Soc. Agron., 30:430-433. 1938. 


Table 2* — Percentage o f grain pearled off from 27 varieties of wheat grown at five stations in and the particle she index and dough- 

hall time at two staiw 7 is. 
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The order of the varieties with respect to pearling is in substantial 
agreement with their supposed or known hardnejss of grain. Thus all 
the hard and semihard winter wheats are at the bottom of the table, 
and recognized soft wheat varieties are at the top, with others gen- 
erally recognized as intermediate in the middle. It might be expected 
that since Nittany originated as a selection from Fulcaster it should 
resemble the latter in grain hardness. Observations other than those 
presented herein have indicated it to be softer than Fulcaster. 

The interstation correlation coefficients for the percentage pearled 
off for five stations, for particle size index for two stations, and for 
doughball time for two vStations are given in Table 3. The correlations 
for pearling and particle vsize at two stations and for pearling and 
doughball time at two stations are also given. These were calculated 
from the data of Table 2. The ten intenstation correlation coefficients 
for pearling are, with one exception (Ithaca vs. Lincoln r = 0.863), 
above 0.9. This indicates that the relative hardness of the grain of the 
different varieties as measured by the pearling test was much the 
same regardless of where it was grown. 


Table ^.'—Correlation coefficients of percentage pearled off, particle size index, 
a7id doughball time for grain of 2/ wheat varieties groivn at several 
experiment stations. 


Characters correlated and 
station where grown 

Kearneys- 

ville 

Urbana 

Ithaca 

Lincoln 

Pearling vs. pearling: 

Arlington 

0.922 

0.929 

0.936 

0.917 

0.921 

0.920 

0.929 

0.906 

o.q =;8 

Kearneysville. 

Xlrhana, 

■ 

Ithaca. 




0.863 

Particle size vs. particle size : 

. 


0.857 

Doughball time vs. doughball 
time: 

rn ri 1 

" 

0.936 

— 0-755 


Pearling vs. particle size index . . , 
Pearling vs. doughball time 

0.857 

—0.769 

0.835 




Least highly significant value (P =o.oi) of r for 27 varieties = 0.4869. 


The interstation coefficients for particle size and for doughball 
time were also high, r = 0.857 and 0,936. The lower coefficient for 
particle size is due, in part at leavSt, to what appears to have been an 
error in making the determination on Minhardi from Ithaca. This 
figure is not in line with the other data in this study nor with the re- 
sults of Worzella and Cutler® who also found this variety to give a 
relatively low index. . 

The coefficients for pearling vs, particle size for Kearney sville and 
Ithaca are 0.857 ^i^d 0.835 and those pearling vs. doughball time 
for Kearneysville and Urbana are '-0.769 and -0.7 55. Reference to 
Table 2 and Fig. i, which shows the percentage pearled off, the 
particle size index, and the doughball time for the varieties grown at 
Kearneysville, indicates that somewhat lower coefficients for pearling 


®See footnote 5. 
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VS. doughball time are due largely to a few varieties, such as Illinois 
No. 2, which has a longer doughball time, and Kliarkof, which has a 
shorter doughball time, than the other characters would indicate. 
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Fig. I. — Percentage of kernel pearled off, particle size index, and doughball 
iitne for 27 varieties of winter w^heat grown at Kearneysvine, W. Va., and 
average I'jercentage pearled off for the same varieties grown at four other 
■ stations. - 


No reasons for the lack of agreement for these particular varieties 
are known, but these and other data seem to justify the conclusion 
that the differences are varietal and not due to random eirors. 
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The percentage pearled off, particle size index, and dotxghball time 
were determined for several samples of spring and winter wheat 
grown in the western United States in connection with other studies 
of quality characteristics of these varieties. The data are given in 
Table 4 for spring wheat and in Table 5 for winter wheat. The perti- 


Table 5. — Percentage of gram pearled off, particle size index, doughball time, 
and perceyiiage of protein for samples of winter wheat varieties grown in 
the western states. 


Item 

Khar- 

kof 

Ridit 

Trip- 

let 

! 

Albit 

Gold- 

en 

Rex 

Av. of 7 
varieties 

Pearled off, %. . 

28.2 

19 

30.5 

35 COIT 
33-8 

iposite* 

33-8 

33-5 

34-0 

36.3 

32.9 

Particle size in- 
dex 

14.6 

15.6 

24.0 

22,2 

28.0 

26.8 

28.4 

22.8 

Donghbail time, 

min 

I^rotein, % 

1 10 

9.6 

117 

9.9 

102 

9.1 i 

27 

8.5 

48 

8.9 

37 

8.4 

140 

8.6 

83.0 

9.0 

Pearled off, % . . 

24-3 

19 

22.7 

37 Com 

294 

ipositef 

31-7 

31.2 

30.8 

35.0 

29-3 

Particle size in- 
dex. 

r5«2 i 

14.2 

26.2 

23.2 

23.6 

22.8 

29.2 

22.1 

Doughball time, 
min . : 

71 

73 

48 

29 

35 

35 

117 

58.3 

Protein, % i 

12. 1 

8.7 

ii.o 

12.0 

11.3 

IL5 

11.7 1 

11,2 

Pearled off, %. . 

19.0 

19 

19.2 

38 Com 
1 25.5 

ipositef 

26.4 

27.2 

27,8 

34.7 

25.7 

Particle size in- 
dex 

13.2 

12.8 

. 

20,6 

19.4 

21.6 

24.2 

27.8 

19.9 

Doughball time, 
min 

93 

% 

53 

33 

35 

32 

106 

62.1 

Protein, % 

10. 1 

II.O 

! 9.3 

lO.I 

9.8 

9-9 

9.1 

9.9 

Pearled off, %. . 

23.8 

Av{ 

24.1 

-rage 3 

1 29.6 

Sample 

30.6 

s 

30.6 

30.9 

35.3 

29.3 

Particle size in- 
dex 

14-3 

14.2 

1 23.6 

21.6 

24.4 

24.6 

28.5 

21.6 

Doughball time, 
min. ........ 

, 91-3 

91,0 

: 67.7 

29.7 

39.3 

34.7 

121.0 

67.8 

Protein, % 

10.6 i 

9.9 

1 ' 9-8 

10.2 

1 0.0 

9.9 

9-8 

lO.O 


*CompoKite of grain from Pendleton and Union, Ore., and Pullman, Wash. 
tComposite of grain from Pendleton, Ore., and Pullman, Wash. 

tCompo.site of grain from Pendleton and Union, Ore.; Pullman, Wash.; and Moscow and Sand- 
point, Idaho. 

nent results are presented graphically in Figs, 2 and 3. Data from 
dry land and from irrigated stations are included. In some cases the 
data are for grain from individual stations and in others for composite 
samples made up of grain from several stations. The protein content 
of each lot is included for comparison. The varieties, it will be noted, 
range from typical hard spring and hard winter varieties, such as 
Marquis and Kharkof, to the very soft common white and club 
wheats, such as Irwdn Dicklow and Albit. 


PARTICLE SIZE AMD PEARLED OFF (PERCENT) PARTICLE SIZE AND PEARLED OFF (PERCENT) 
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;^1G. 2. — Percentage of kernel pearled otY, particle size index, dotighball time 
and percentage of protein in three lots of eight varieties of spring wheat, 



Fig. 3.— Percentage of kernel^ pearled off, particde size index, doughball time, 
and percentage of protein in three lots of seven varieties of winter wheat, 


OOUCHBALL TIME MINUTES ^ DOUGHBALL TIME MINUTES 
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The percentage pearled off, particle size index, and doughball time 
were determined for several samples of spring and winter wheat 
ginwn in the western United States in connection with other studies 
of quality characteristics of these varieties. The data are given in 
Table 4 for spring wheat and in Table 5 for winter wheat. The perti- 

Tadli-: Percentage of grain pearled off, particle size index, doughball time, 

ajid percentage of protein for samples of winter wheat varieties grown in 


the western states. 

Item 

Ivhar- p.,. lnp~ 
kof let hnd 1 

128 

Albit 

Rex 

Av. of 7 
varieties 


1935 Composite’^ 




Pearled off, %..| 

28.2 30.5 33.8 33.8 

33.5 34-0 

36.3 

32.9 

Particle size in- i 





dex 1 

14.6 15.6 24.0 22.2 

28.0 26.8 

28.4 

. 22.8 

Doughball time, 



i 


min 

no M7 102 27 

48 37 

140 

83.0 

Protein, % .... . 

9.6 9.9 9.1 8.5 

8.9 8.4 

8.6 i 

9.0 


1937 Coiiipo.sitet 


24.3 22.7 

29.4 

3 1- 7 

31.2 

30-3 35*0 

15.2 14.2 

26.2 

23.2 

23.6 

22.8 29.2 

71 73 

48 

29 

35 

35 117 

12. 1 8.7 

II.O 

1 12.0 

11.3 

11.5 11.7 


1938 Composite J 


Particle size in- 
dex . 

Doughball time, 
min . 

Protein, %..... 


Particle size in- 
dex 

Doughball time, , 

min 

Protein, %..... 


Pearled olf, ' 23.8 24.1 29.6 30.6 30.6 30.9 35.3 29.3 

Ptirticle size in- 
dex ....14.3 14.2 23.6 21.6 24.4 24.6 28.5 21.6 

Doughball time, 

min 91.3 91,0 67.7 29.7 39.3 34.7 121.0 67.8 

Protein, %.... . 10.6 9.9 9.8 10.2 10 .0 9.9 9.8 lo.o 

^Composite of grain from Pendleton and Union, Ore., and Pullman, Wash. 
tComposite of grain from Pendleton, Ore,, and Pullman, Wash. 

fComposite of grain from Pendleton and Union, Ore.; Pullman, W'ash.; and Moscow and Sand- 
point, Idaho, 

nent results are presented graphically in Figs, 2 and 3. Data from 
dry land and from irrigated stations are included. In some cases the 
ta are for grain from individual stations and in others for composite 
samples made up of grain from several stations. The protein content 
of each lot is included for coniparisqn. The varieties, it will be noted, 
range from typical hard spring and hard winter varieties, such as 
Marquis and Kharkof, to the very soft common white and club 
wheats, such as Irwin Dicklow and Albit. ^ ^ 
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G. 3. — Percentage of kernel pearled off, particle size index, doughball time, 
aid percentage of protein in three lots of seven varieties of winter wheat, 
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and percentage of protein in three lots of eight varieties of spring wheat. 
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The agreement between the percentage pearled off and the particle 
size index is very good as may be seen by examining the data for 
individual tests in Tables 4 and 5 or for the averages in Figs. 2 and 3. 
The large differences in size and shape of the kernels of these varieties 
might be expected to affect the pearling results and, therefore, dis- 
turb the relationship between the percentage pearled off and particle 
size index, but such apparently was not the case. ^ 

The percentage pearled off and the doughball time also show fair 
agreement for most varieties. A striking exception to this is the winter 
variety Rex which pearled easiest, yet had the longest doughball 
time in each of three sets of samples (Fig. 3). The pearling test and 
index of particle size also show only a slight difference between the 
spring wheats Marquis and White Federation, while a decided 
difference was shown in doughball time. 

There appears to be only a slight relationship, if any, between the 
percentage pearled off and the protein coiitent or between the particle 
size index and the protein content for either the winter or spring 
varieties. 

, SUMMARY 

A simple pearling test for measuring the hardness of wheat kernels 
is described. The test is economical with respect to equipment, time, 
and quantity of grain. 

The results are consistent with what is knowm regarding the relative 
hardness of different varieties and very high interstation coiTelations 
were obtained. 

High correlation coefficients were found between the percentage of 
the kernels pearled off and the particle size index. 

Only slightly lower negative correlation coefficients were obtained 
between the percentage of kernels pearled off and the doughball time. 
Certain varieties, however, reacted quite differently to the two tests. 

Little correlation was found between the percentage pearled off, 
particle size index, doughball time, and protein content of the grain 
of the varieties studied. 
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GROWTH HABIT OF SOME WINTER WHEAT VARIETIES 
AND ITS RELATION TO WINTERHARDINESS AND 
EARLINESS' 


K. S. QuISENBERRY AND B, B. Bayles^ 


W HEAT varieties have been grouped into three general classes, 
namely, winter, intermediate, and spring, based on their habit 
of growth. Actually, as has been pointed out by Percival; Clark, 
Martin, and Ball; and Bayles and Martin,'^ and others, there is a 
continuous series of varieties or strains from those having very early 
spring growth habit to those with an extreme degree of winter habit* 
Thus, within the varieties commonly classed as winter, there are 
different degrees of wiiiterness. Numerous papers have reported the 
growth habit of wheat varieties at individual stations for one or more 
years, but the authors have not seen publications giving data on the 
growth, habit of the same vaiieties grown under widely different 
environmental conditions. In order to study this problem, several 
varieties were seeded in the spring at eight experiment stations and 
their relative degree of winterness determined. The relation between 
growth habit, winterhardiness, and time of heading from fall seeding 
will also be discussed. 

Nineteen varieties of wheat classified as having winter habit, one 
with intermediate habit, and one with spring habit of growth were 
seeded on three dates in the spring of 1934, 1935, and 1936 at each 
experiment station. Seven other varieties having winter habit of 
growth were grown for i or 2 years. The name, latitude, and longitude 
of each station are given in Table i. The average critical seeding date 
after which Harvest Queen, Karmont, Minhardi, Denton, Red Rock, 
and Odessa did not pi“oduce heads the same year from at least 5 to 
10% of the culms is also given, together with the deviations from this 
date for each station as compared with Denton, Tex., and also the 
calculated deviations based on Hopkins’ bioclimatic law.^ These six 
varieties were chosen because, from the data obtained, it was possible 
to establish the critical date more accurately. The critical date for 
seeding the above-mentioned varieties at Denton, Tex., was January 
29, whereas at Pullman, Wash., it was March 25, or 55 days later. 
The critical dates for the other stations were between these two. 
According to Plopkins’ law, biological phenomena controlled by 
seasonal changes such as heading dates of wheat should take place in 
the spiing 4 days later for each degree of latitude, 4 days earlier for 
each 5° of longitude from east to west, and i day later for each in- 


^Contribution from the Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Dept, of Agriculture. Received for publication June 26, 1939. 
^Agronomists. 

^Pkrcival, J, The wheat plant; a monograph. London: 463 pages, illus. 1921. 
Clark, J, A., Martin, J. H., and Ball, C. R. Classification of American 
wheat varieties. XJ, S. D, A. BuL 1074. 1922. 

Bayles, B. B., and Martin, J. P. Growth habit and jield in wheat as in- 
fluenced by time of seeding. Jour, Agr, Res., 42:483“5oo. 1931. 

UioPKiNS, A. D. BiocHmatics. "iJ. S. D. A. Misc. Pub. 280. 1938. 
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Table i ,— Critical date of seeding for certain varieties of wheat, the calculated 
date based on Hopkins' Um, and the latitude^ longitude, and altitude of the 
stations where the varieties were grown. 


Station 

Lati- 

tude 

Longi- 

tude 

Alti- 

tude, 

feet 

Critical 
date of 
seeding 

Deviation from Den- 
ton, Tex. 

Actual 

date 

Hopkins’ 

law 

Denton, Tex 

33“io' 

97“io' 

600 



Jan. 29 

0 

0 

Tucson, Ariz 

33“i3' 

iio° 56 ' 

2,400 

Tan. 28 

-I 

3 

Woodward, Okla . . 

36“27' i 

99^•53' 

2,002 

.Peb. 7 

9 

25 

M'anhiittan, Kaiis. 

39°io' 

9^>“33' 

1,100 

Feb. 17 

19 

30 

Lincoln, Nebr 

40°49' 

95 45 

1,180 

Feb, 19 

21 

37 

Pendleton, Ore, . . , 

45“38' 

1 1 1 8V 

1,100 1 

Mar. 14 

44 

37 

Akron, Colo 

40° 

103“ 

4.560 ] 

Mar. 15 

45 

62 

Pullman, Wash 

46°48' 

i 117 V 

2,532 i 

Mar. 25 

55 

57 


crease of loo feet in altitude. The actual and. calculated critical dates 
agree fairly well at some stations while at other stations they differ 
considerably. For example, at Akron, Colo., the observed critical 
date was 45 days later than at Denton, Tex., while according to 
Hopkins’ law it should be 62 days later. An examination of temper- 
ature records showed that the months of February, March, and April 
averaged 0.4° above normal at Denton and 1° above normal at Akron, 
for the years during which observations were made, viz,, 1934, 1935, 
and 1936. At all stations except Pendleton and Tucson, the critical 
date as determined by field plantings was earlier than that determined 
by Hopkins’ bioclimatlc law. 

The date first headed (when about one-tenth of the heads were 
emerged) was recorded for each variety for each of three seeding 
dates in the spring in 1934, 1935, and 1936 at each station. When a 
variety did not head normally the percentage of the heads that 
emerged was usually recorded. The results from Pullman, Wash., in 
1936 are given in Table 2. Based on data similar to these for each 
year at each station, the varieties were ranked for degree of winter- 
ness. The 3-year average rankings for each station are given in Table 
3 . Data from other experiments on winter survival and date of head- 
ing from fall seeding are also included. 

Under the wide range of environmental conditions represented at 
the eight stations, it might be expected that the ranking of the 
varieties for degree of winterness would be different. As shown in 
Table 3, such was not the case as the varieties rank in about the same 
order for degree of winterness as indicated by the habit of growth at 
each station. 

The relations between average degree of winterness, winter hard- 
iness, and date of heading from fall seediilg are shown in Fig. i. It is 
interesting to note that date of heading from fall seeding and winter- 
hardiness of the winter varieties are not necessarily related to the 
degree of winterness. Nebraska No. 60 is more hardy and later in 
heading from fall seeding than Kliarkof, yet can be seeded later in 
the spring than varieties such as Blackhull and Quivira and still 
produce nonnal heads. On the other hand, Red Rock ranks next to 
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Fig. I. — Relation between degree of wintemess from spring seeding and 
winterhardness from fall seeding and between degree of winterness from 
spring seeding and date of heading from fall seeding of several winter wheat 
varieties. 

Odessa in degree of wintemess but is no more hardy than Early 
Blackhull and is earlier in heading from fall seeding than Nebraska 
No. 60. 

Several of the varieties (Early Blackhulb Kanred-Hard Federation, 
Quivira, Tenmarq, and Blackhull) included in this study are early 
maturing and are able to produce heads from later spring seeding 
than varieties such as Kharkof, but none of these early maturing 
varieties approach Kharkof in hardiness. 


SUMMARY 

Growth habit as determined from spring seedings of 28 wheat 
varieties was studied at eight experiment stations in the years 1934 
to 1936, inclusive. Data on, earliness from fall sowing and winter 
survival from other tests are included in order to study their relation 
with the degree of wintemess. 

The varieties rank in about the same order for degree of winterness 
when grown at each of the stations. 

Degree of wintemess is not closely related to time of heading from 
fall seeding or to winterhardiness in the varieties studied. 

None of the early varieties were as hardy as most of the late ones. 
However, a few of the late varieties were no more hardy than earlier 
maturing ones. 
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THE EFFECT OF HEIGHT AND FREQUENCY OF CUTTING 
ALFALFA UPON CONSEQUENT TOP GROWTH 
AND ROOT DEVELOPMENT! 

vS, C. Hildebrand and C. M. Harrison^ 

T he increased aci*eage of alfalfa in the north central section of the 
United States, particularly in Michigan, is partially due to its 
use as a pasture crop during the hot wSummer months of July and 
August. During this period conditions of low rainfall and high temper- 
atures usually prevail and native bluegrass pastures are largely dry 
and dormant. Experiments conducted at the Michigan Agricultural 
Experiment Station at East Lansing show that alfalfa or a mixture 
of alfalfa and smooth bronie grass, because of the drought resistance 
of these plants, will furnish more green feed during the hot months 
than any other combination of perennial plants yet tried. Alfalfa has 
proved to be highly productive, palatable, nutritious, and reasonably 
enduring provided proper management practices are followed. 

Research has shown that cutting at immature stages of growth may 
result not only in damage to the stand, but also in a reduction of the 
amount of new growth produced. Graber, et al. (2)^ found that 
frequent cutting of alfalfa at immature stages of growth lowered the 
productivity and vigor of the plants, favored weed encroachment, and 
accelerated both winter and summer damage to the stand, all of 
which was primarily the result of depleted food reserves in the roots. 

Albert (i), Willard (6), Nelson (4), and Kiesselbach and Anderson 
(3) substantiate the findings of Graber, Experiments have also shown 
that alfalfa should be pastured at a higher level than is generally 
practiced on pasture plants in order to secure the best yields and 
allow for adequate storage of food I'eserves in the roots. 

With the above facts in view the experiment described here was 
set up in the greenhouse at East Lansing, Mich., to study the effect 
of the height and frequency of cutting alfalfa upon the production of 
“recovery*' growth and root development, and to obtain an indication 
as to the proper height-level of grazing alfalfa for maximum produc- 
tion of feed and maintenance of the stand. 

EXPERIMENTAL PROCEDURE 

In September, 1937, several hundred Hardigan alfalfa plants were dug from a 
1 '•year-old alfalfa field, ThevSe plants were brought into the greenhouse, selected 
for uniformity, and transplanted into sand cultures in ro-inch clay pots, eight 
plants per pot. They were kept growing until April, 1938, by frequent watering 
and the application of a complete nutrient solution at regular intervals. 

On April 13 the cultures were selected at random and arranged in five sets of 
nine each, to be cut back to i, 3, 6, 9, and 1,2 inches, respectively. Three of each 
of the sets of nine were cut at weekly, three at biweekly, and three at monthly 

^Contribution from the Section of Farm Crops, Michigan Agricultural Experi- 
ment Station, East Lansing, Mich. Jour. Article 368 (N.'S.). Received for publi- 
cation July 3, 1939. 

^Graduate Student and Research A.ssociate, respectively. 

^Figures in parenthesis refer to “Literature Cited”, p. 799. 
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intervals. In addition, nine cultures were selected as final checks and three selected 
as representative of the group to show the condition of the plants at the beginning 
of the experiment. 

Beginning on April 13, the plants were cut for a period of 12 succcvssive weeks 
at; their respective height levels and intervals, the checks being left uncut. At the 
end of the 12 weeks all plants, including the checks, were completely defoliated 
once each week for four successive weeks in an attempt to measure root storage 
by the amount of recovery growth made between defoliations. The cultures were 
then allowed to recover for two wrecks and the sand washed from the roots. Green 
and dry weights were taken from each cutting and for the tops and roots at the 
end of the exj^erimeiit. 

REvSULTS 

The tops and, roots of these three representative cultures were 
separated and the green and dry weights recorded in Table t. (See 

Fig- I-) 


Tabi..e I .— 77a? yield of lops and roots of alfalfa plants before cutting treatments 

were begun. 



Tops 

Roots 

Culture No. 

Green weight, 

Dry weight, 

Green weight, 

Dry weight, 


grams 

grams 

grams 

grams 

I 

120.00 

35.00 : 

116,70 

27.45 


121.00 

27.50 

90.80 

2645 

3 

115.00 

27,00 

128.45 

28.40 

Mean weight, 





grains. 

118.67 1 

29.17 

111.98 

2743 


EXPERIMENT I . YIELD OF TOP GROWTH 

The comparable effect of cutting alfalfa back to i, 3, and. 12 
inches from the sand upon the yield of top growth is shown in Tables 
2, 3, and 4 for weekly, biweekly, and monthly cutting intervals, re- 
spectively. 

More top growth was produced at first when the plants were cut 
at I- and 3-inch levels (Table 2) , but after several cuttings were made 
the reverse was true. The alfalfa plants which were cut to low levels 
made an upright growth, while the plants cut to the 9- and 12 -inch 
levels made a large portion of their growth from the crown but pro- 
duced little growth above the cutting level. 

Plants cut at the 6-inch level produced the most “recovery” 
growth, but the yields were not significantly greater than those cut 
at the 3-, 9-, or 1 2 -inch levels. Cutting at the i -inch level, however, 
gave significantly lower yields than any of the other treatments. 

Differences in total yield between the high and low levels of cutting 
were large (Table 3). The amount of “recovery” growth was signifi- 
cantly larger when the alfalfa was cut at a 6-inch level than when cut 
at X“, 3-, or 12-inch levels. 
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Table 2. — llie effect of %veekly cuttings at various heights upon the dry matter 
yield of tops of alfalfa, average of three cultures except for checks* 


Date of cutting, 

1938 

Dry ma.tter in grams 

when cut at 

1 Av. of 
nine 
checks, 
grams 

i ^ 1 

inch ’ 

3 

inches 

6 

inches 

9 

inches 

12 

, inches 

April 13 

17.00 

19,00 

r 3*33 

9.00 

5-17 


April 20 

1.26 

1.64 

e.93 

0.51 

1 0.39 


April 27, 

L 34 

2.45 j 

L93 

o.6d 

044 


May 4 

142 

. 2.53 i 

1.96 

L 39 

0.87 


May n 

0.68 

1.30 , 

1. 81 

1. 00 

1.20 


May 18 

0.64 

0.77 

1.40 

i 143 

1.39 


May 25 i 

U05 

1,69 

245 

i 2.23 

2.23 


lune I 

0.72 

1.75 

2.29 

■ 2,13 ! 

1 .64 


June 8 i 

0.64 

2.53 

3.28 

3.26 i 

1.70 


June 15. .1 

0.37 

3.18 

3.69 

3.51 ^ 

4.70 


June 22 i 

0,51 

2.86 

2.57 i 

1.78 

2.35 


June 29 i 

0.47 

3-97 

5.00 i 

3.87 

5.01 


Ju!y6t....... 

2.94 

19.40 

37.50 ; 

54*30 

72.50 

79-53 

Total yield ^ 

29.03 

63.07 

78.14 

85.01 

99-59 

79-53 

“Recovery" growth made 







above the cutting levelf . . . ! 

9.10 

24.67 

27.31 

21.71 

21.92 



*The yield at each cutting; date represents the average yield of tops from all of the three cul- 
tures tinder each treatment. The differences required for significance were calculated by use of an 
analysis of variance (5). This statement also applies to Tables 3, 4, 5, 6, 7, and 8. 
tAll of the cultures were completely defoliated on this date. 

^Yields on April 13 and July 6 were disregarded in securing "recovery'' growth. On Ajiril 13 the 
plants were first cut down to their respective height levels and on July 6 the plants were completely 
defoliated. No yields of tops above the cutting level were taken on July 6. Yield differences re- 
quired for significance between amounts of "recovery" growth: Odds of 19:1 -ii.oi grants; odds 
of 99:1=16.01 grams. 


Table 3. — The effect of biweekly cuttings at various heights upon the dry matter 
yield of tops of alfalfa, average of three cultures except for checks. 


Date of cutting, 

1938 

! Dry matter in grams when cut at 

Av. of 
nine 
checks, 
grams 

1 I 
inch 

1 1 

' 3 

inches 

6 i 

inche.s , 

■ ■ 'O 

inches | 

■ 1:2 ■ 

inches 

April 13 

April 27 

May 11 

May 25 i 

June 8 

June 22 

July 6* .vj 

19.OQ 

5.06 1 

3*35 i 
3.00 1 
3*71 : 
3.10 
8.17 i 

17.50 
3.5b 
4.03 
2.77 
6.20 1 

5-83 
24-53 , 

14.00 

4.03 
4.60 

3.97 

8.03 

7.73 

48.83 , 

9.17 

2.82 

3.75 

3.81 

748 

:■ S 37 f 

63-93 

4.07 

1,36 

3.81 

■■■ 3‘22,, 

5*54 
6.83 
; 77.57' 

79.53 

Total yield. . . 

45.39 

6442 , 

; '91.19: 

96.33 

102.40 

79-53 

“Recovery" growth made i 
above the cutting levelf . . . ' 

18.22 - 

, 1 

■22.39:1 

■ 28.36 ,1 

23.23 

20.76.: 



*A 11 cultures were completely defoliated on this date. 

tYields on April 13 and July 6 disregarded in securing "recovery" growth. On April 13 the 
plants were first cut down to their respective height levels and on July 6 the plants were completely 
defoliated. No yield of tops above the cutting level taken. Yield differences required for significance 
between amounts of "recovery" growth; Odds of 19:1 =5.28 grams; odds of 99:1 =7.68 grams. 

When cut at monthly intei*vals more “recovery’' growth was ob- 
tained at the I -inch than at any of the higher levels of cutting (Table 
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Table of monthly cuitings at imious heights upon the dry matter 

yield of tops of alfalfa, average of three cultures except for checks. 


Date of cutting, 

1938 

Dry matter in grams when cut at 

Av, of 
nine 
checks, 
grams 

I 

inch 

3 

inches 

6 

inches 

9 

inches 1 

12 

inches 

i 

April 13. 

May 1 1 

lime 8 

Tulv 6* 

23.17 

15.27 

13.80 

26.67 

18.83 

12.87 

14.23 

37.80 

13.67 
15.37 

1 1 .07 

59.67 

10,67 1 
10.50 

14.75 

77.27 

3.37 

2.50 

9.50 

69.07 

79.53 

Total yield 

78.91 

83-73 

99.78 

113.19 

84.44 

79-53 

“Recovery” growth made 
above the cutting level f. . . 

29.07 

27.10 

26,44 

2.5.25 

■ i 

12.00 



*AI1 cultures were completely defoliated on this date- ^ ^ 

tYields on April 13 and July 6 disregarded in securing “recovery” growth. On April 13 the plants 
were first cut down to their respective height levels and on July 6 the plants were completely 
defoliated. No yield of tops above the cutting level taken. Yield differences required for significance 
between amounts of “recovery” growth: Odds of 19:1 =13.47 grams; odds of 99:1 == ig.6 grams. 

4). The alfalfa cut at the la-inch level gave significantly lower yields 
than that cut at the i-, 3-, or 6-inch levels, due to the maturity of 
the plants and the lack of vegetative gx*owth. 


Table ^.-—Summary of the effect of height and interval of cuUing upon the 
'' recovery'' growth of alfalfa in grams dry weight, Tables 2, 3. and 4 corrected 
to 8 weeks' treatment, average of three cultures.'^ 


Interval of cutting 

Dry matter in grams when cut at 

I inch ' 

1 

3 inches 

6 inches 

9 inches 

12 inches 

Weekly. . : 

>.75 1 

14.66 

16.05 

I 2 'S 5 

9.86 

Biweekly . . ..... ........ 

1.5.12 1 

16.56 

20.63 

17.86 

13.93 

Monthlv . 

29.07 1 

27.10 

26.44 

25.25 . 

12.00 


*Yield differences required for significance between amounts of “recovery” growth; Odds of 
19:1 *8.6i grams; odds of 9951 =* If. grams. 


In order to compare the recovery yields obtained, under each cixt- 
ting interval over a comparable growing period, only those yields for 
the eight weeks' period April 13 to June 8 are given in Table 5. The 
amount of “recovery” growth increased as the time interval of cutting 
increased with the exception of the cultures cut at 12 inches (Table 5). 
Not all of these increases were significant. The weekly cuttings gave 
significantly lower yields than the monthly cuttings except for the 
plants cut at the 12 -inch level. At the i- and 3 -inch cutting levels, 
significantly lower yields were obtained fi’cm biweekly over monthly 
cuttings, 

EXPERIMENT II. FOOD RESERVES IN THE ROOTS 

To determine the food storage in the roots of alfalfa, the plants in 
each culture were completely defoliated and the stored food was 
measured in terms of new top growth produced. At the end of the 
experiment the dry weight of the roots from each culture was de- 
termined. 
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The cultures wliich were previoitsly cut for 12 weeks at various 
heights and, intervals were completely defoliated each week for four 
successive weeks. Yields were taken and are recorded in Table 6. 


Table 6,— Growth dry weight hi grams made in weekly periods JolUming 
complete dejaliation, average of three ctdiures except for checks. 


Date of defoliation „ 

Dry weight in grams when cut at 

Av. of 
nine 
('becks, 
grams 

i ; 

I 

inch 

3 

inches 

6 

inches | 

9 

inches 

1 2 

inches 

t 

}td V I ^ . 1 

Previous 

0,16 1 
0.01 ! 

dead, i 
dead | 

; Cuttings 

M 2 . 

L 33 1 

0.69 1 

0*33 1 

Made W« 

1 .82 1 

2.12 ! 
1 .20 
0.49 

L'ekly 
■ 2.56 i 

3.93 

2.70 

1 ,64 

3 *36 ' i 
6 - 1 3 ! 
4,07 

1 .90 

3.69 

5«59 

5-24 

4.07 

[tdv 20 . 

fulv 27 . • ‘ • 1 

Au^. 3 i 


Total 

— 

3.47 

5.63 

10.83 

15.66 

18,50 


PiTvioiis Cuttings Made Biweekly 


liilv 13. 1 

0.32 

0.91 

1 . 58 

2.07 

2,12' 

3.69 

jlllv 20 1 

0,26 

L55 

2.03 

4.00 

4.63 

5*59 

,|uly 27 

0.03 

0.88 

1 .60 

2-93 ! 

4.00 

5-24 

Aug. 5 

dead 

0,58 

0,86 

1.61 

2.35 

4.07 

Total 

, __ 

392 

6.07 

10.61 1 

13.10 

18.59 


Previous Cuttings Made Monthly 


July 13 

1.36 

1.56 

1.62 

3'23 

3-23 

3.69 

julvao 

i I.8I 

2.76 

340 

4.57 

5.57 

5.59 

July 27 

i D.92 

L 73 

1.87 

3*77 

3>70 

5.24 

Aug. 3 

0-49 

0.91 

1. 18 

1.73 

2.37 

4 A )7 

Total* 

4 -. 58 

6.96 

8.07 


14-87 

18.59 


‘’^Totals art; not given for the i-inch cultures cut weekly and biweekly because tVie plants died 
before four complete defoliations w^ere made. The plants being dead, yieids from thtjse cultures were 
not included in the analysis of variance. Yield differences required for significance between total 
amounts of “recovery” grovvtb: Odds of iqu “S.92 grams; odds of 99'.i -=8.01 grams. 

As the height level of the previous cutting increased, the yield of 
tops, following complete defoliation, increased. This holds true for 
w^^eeldy, biweekly, and monthly cutting intervals. Alfalfa cut at the 
I -inch level in both the weekly and biweekly cutting intervals died 
before four complete defoliations were made. Plants cut at the i- 
ancl 3 -inch levels, under each time interval gave significantly lower 
yields than the plants cut at the 9- and 12-iiich levels or the check 
cultures. 

Following four ■weekly complete defoliations the plants were 
allowed to recover for two weeks and the sand ■washed from the roots. 
The tops and roots were separated and dry weights recorded in 
Tables 7 and 8, respectively. 

The condition of the tops and roots of the plants after being sub- 
jected to the various cutting treatments is shown in Pigs. 2, 3, and 4 
for weekly, bweekly, and rnonthly cutting intervals, respectively. 
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I'AHLii y^—Dry weight oj tops oj alfalfa after being allowed to recover for two 
weeks after four weekly complete def oliaiions, average of three cultures except 
for checks* 


Previous interval 
of cutting 

Dry weight in grams at previous height of 
cutting of 

Av. of 
nine 
checks, 
grams 

I 

inch 

3 

inches 

6 

inches 

inches 

12 

inches ' 

Weekly 

Biweekly 

Monthly. . 

Dead 

Dead 

1. 17 

0,97 

2.77 

3U3 

■ 0.37 i 
1*98 1 
3*87 ^ 

6.00* 1 
6-30 
10.27 ! 

11.23 

9-47 i 
9.67 

13.47 


*Yield differences required for significance between amounts of recovery growth : Odds of 19:1 == 
5.61 grams; odds of 99:1 »= 7 «6o grams. 


Fig. 2. — Growth response and condition of roots of plants cut at weekh-^ 
intervals, August 16, 1938. Above, growth response after two weeks follow"- 
ing four successive complete defoliations of cultures cut back weekly over 
a period of 12 weeks to the indicated heights. Below, the same as above 
after washing sand from the roots. Reading left to light: Check, 12-inch, 
9-inch, 6-mch, 3-inch, and i-inch levels of cutting. Note the lack of root 
development of the plants cut at the i-, 3-, and 6-inch levels along with the 
dead roots present. The 9- and 12-inch cutting levels and the check cultures 
have a good healthy root system, although that of the plants cut at the 
9-inch level is decidedly smaller than those of the other two, 

DISCUSSION 

Carbohydrate food storage in the roots of alfalfa plants depends 
primarily upon top growth. As carbohydrate materials are manu- 
factured through photosynthesis they are either utilized by the grow- 
ing plant in producing new plant parts or stored for future use. As 
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Table d>.~~~Dry weight of alfalfa roots at the end of the experiment, average of 
three cultures except for checks * 


Previous interval 
of cutting 

■ 

Dry weight in grams with height level of 
cutting prior to complete defoliation 

Av. of 
nine 
checks, 
grams 

I 

inch 1 

3 

inches 

6 

inches 

9 

inches 

12 

: inches 

Weekly i 

3.22 

5.21 

11.09 

8.76 

13.21 

18.24 

n.46 

17.14 

20.00 

22.31 
24.16 1 

33.79 

39-39 

30.64 

38.88 



Monthly 

41.52 


*yield differences required for significance between weight of roots: Odds of ~ M. 03 grams; 

odds of 90:1—14.93 grams. 


Fig. 3. — Growth response and condition of roots of plants cut at biweekly 
intervals, Aug. 16, 1938. Above, growth response after two weeks following 
four successive complete defoliations of cmltures exit back biweekly over a 
period of 12 weeks to the indicated heights Below, the same as above after 
washing sand from the roots. Reading left to right: Check, i:i-inch, 9-mch, 
6-mch, 3“inch, and i -inch levels of cutting. Note the lack of response of the 
plants cut at the i-inch level as compared with those cut at the 3-inich level. 
Those cut at 6- and 9-inch levels show medium response, but are not com- 
parable to the 12-inch level or check. The same general statement holds true 
for the roots. 

alfalfa plants mature, growth processes slow up and more materials 
are manufactured than needed, the surplus being stored principally 
in the roots. 

Alfalfa plants with a small amount of leaf tissue will develop only 
a small root system. It is evident that not as much total food can be 
stored in a small root as in a large one. If the top growth is com- 
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pletely removed, carbohydrate manufacture stops, hence any new 
growth initiated must be at the expense of reserves. If the tops are 
removed frequently, allowing for little or no food storage, the re- 
serves will soon become depleted to such an extent that no new 
growth will be initiated and as a result the plant becomes weakened 
and dies. 


Fig. 4. — Growth response and condition of roots of plants cut at monthly 
intervals, Aug. i6, 1938. Above, growth response after two weeks following 
four successive complete defoliations of cultures cut back monthly over a 
period of 1 2 weeks to the indicated height. Below, the same as above after 
washing sand from the roots. Reading left to right: Check, 12-inc.h, 94nch, 
6-inch, 5-inch, and i-inch levels of cutting. Small responses were made by the 
alfalfa cut at the n, 3-, and 6-inch levels, but they do not compare favorably 
with that made by the plants cut to higher levels. The same is true for the 
roots. Note the dead roots of the plants cut at the i-, 3-, and 6-inch levels, 
especially those cut at the i-inch level, as compared with the well-developed 
root system of the check plant and those cut at the 9- and 12-inch levels. 

When alfalfa plants are cut in such a manner that a large portion 
of the top growth remains, carbohydrate manufacture may continue. 
After several frequent, successive and complete defoliations plants 
with large^ root systems, which contain a large amount of reserve 
food, continue to initiate new growth. Eventually the reserves of 
plants treated in this manner will become depleted if close cutting is , 
continued. 

Plants cut weekly to 1 -inch levels made very little recovery growth 
following complete defoliation and after two successive defoliations, 
one week apart, all of the plants were dead. This would indicate that 
the cutting treatment previous to complete defoliation had allowed 
very httle storage of reserve materials, The plants which were cut 
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biweekly to i-inch levels responded in a similar manner but withstood 
a third defoliation before the plants died, indicating that, although 
the storage of reserves was low, it was somewhat higher than that of 
the plants cut weekly. The amount of recovery growth following 
complete defoliation was considerably greater in the plants cut bi- 
weekly at the I -inch level than those cut weekly at the same level. 
The plants cut to the i-inch level at monthly intervals not only sur- 
vived four complete defoliations, but the production of new growth 
was far gi'eater on any given date than that of the plants previously 
cut to 1 inch either weekly or biweekly. This would indicate that 
there was a larger amount of storage in plants cut at monthly inter- 
vals than those cut at weekly or biweekly intervals. In general, these 
observations hold true for all of the cultures with the exception of 
the plants cut at the 1 2-inch level. 

In all cases except the plants cut weekly and biweekly at the i-inch 
level, the first defoliation resulted in less production of ‘'recovery’' 
growth in aweek than did the second defoliation. After the second 
defoliation the trend is downward in practically all cases, indicating 
that the storage supplies were rapidly diminishing. 

CONCLUSIONvS 

1. Cutting alfalfa frequently and close to the crown resulted in 
depletion of the food reserves in the roots and a marked decrease in 
yield of hay and vigor of the plants. 

2. Alfalfa cut frequently at a high level (12 inches) resulted in de- 
creased yields owing to loss of leaves due to the maturity of the plant 
and a lack of vegetative growth. 

3. Alfalfa remained vigorous when cut back to a 6-inch level 
either biweekly or monthly. At an interval of one week between 
cuttings the plants failed to produce sufficient stored food to maintain 
the plant over unfavorable peiiods of growth. 

4. Cutting back to the g-inch level gave good yields of top growth 
and roots when cut at weekly or biweekly intervals, whereas the 
monthly interval of cutting allowed the plants to mature, resulting 
in a retardation of vegetative growth. 

5 . Although cutting at 1 2 inches resulted in an abundance of food 
storage, the yield of top growth above the cutting level was x*elatively 
low due to the maturing of the tops below the cutting level. 
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SAMPLING INTENSITY IN VEGETATION SURVEYS MADE 
BY THE SQUARE-FOOT DENSITY METHOD^ 

David F. Costello and Graydon E. Kupple'^ 

M ethods of making sui’veys of range land vegetation have been 
evolving slowly for a period of more than 30 years. Since the 
lieginning, determination of density or spread of vegetation above the 
ground has been an integral part of survey procedure. Originally, 
density was estimated by the system common to the reconnaissance 
method of range surveying (3).'^ More recently a method of determin- 
ing density known as the square-foot density or point-observation- 
plot method has been developed by Stewart and Hutchings (4), and 
this method is now optional in standard range suiwey instructions 
(3). Questions and comments which ha\^e arisen as a result of the use 
of the optional square-foot density method in range surveys have 
emphasised a need for specific information on sampling intensity as 
reflected in number of plots required for an estimate within given 
limits of accui'acy. 

This paper, based on sample plot data recorded from all major 
range \’’egetation types in Colorado, Wyoming, and the Black Hills 
region of South Dakota, deals with sampling intensity in relation to 
reliability of mean densities and forage factors secured by the square- 
foot density method. It also pi'esents the relationships between num- 
ber of plots required for a reliable sample and (a) size of area sampled, 
(b) vegetation type, and (c) adequacy of sampling as determined by 
the purpose of the survey, 

SOURCE AND NATURE OF THE DATA 

A very considerable mas;s of data, obtained through the use of the square-foot 
density method of making range surveys, has been assembled by the Rocky 
Mountain Forest and Range Experiment Station. Observations on 4,620 plots 
were obtained in a general survey of range conditions throughout Colorado and 
Wyoming and in the Black Hills of South Dakota in October 1935. A forage in- 
ventory of Colorado and Wyoming, started in the spring of 1936, resulted in 
observations on 44,123 sample plots by November 1938, These data were supple- 
mented by 24,476 sample plots which were established by various state and federal 
agencies^ under careful supervision and coordination during 1936 and 1937. 

The basic data on all plots were recorded on Form 764b of the instructions for 
range surveys (3) or on similar forms. Species were listed by vegetation types and 
their densities were recorded directly in square feet or fractions thereof for each 
plot. Plot locations within any type area were determined by throwing a stone 
into the type to locate the first plot and by stripping or grid-ironing at a pre- 
determined sampling interval until the necessary number of plots was established. 

^Contribution from the Rocky Mountain Forest and Range Experiment 
Station, Fort Collins, Colorado. Received for publication July 10, 1939. 

^Associate Forest E<'ologist and Junior Agricultural Economist, respectively. 
^Figures in parenthesis refer to “Literature Cited'b p. 810. 

’^The agencies participating in this cooperative project were the Forest Service, 
Resettlement Administration, Soil Conservation Service, of the U. S. Dept, of 
Agriculture; the Division of Grazing of the U. B. Dept, of Interior; Colorado 
State College of Agriculture and Mechanic Arts; and the University of Wyoming. 
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For possible future reference, plots were located by section, township, and range 
and in most instances designated on base maps. Plot data were accompanied by 
type descriptions and comments on forage utilization, range conditions, class of 
livestock, and erosion.^ 

METHODvS OP ANALYSIS 
SORTING OF PLOT DATA 

The data from individual plots were grouped by vegetation types or portions 
of vegetation types within geographic localities, national forests, management 
units, or some similar area. When excessive numbers of plots were available from 
a vegetation type within a given area a random sample of 500 to 2,000 plots was 
c'lioseii for statistical analysis. Plots representing small areas of exceedingly high 
or low densities 'Within broad types of average density were retained in all in- 
stances since they were an expression of type heterogeneity. 

In computing the number of plots required for varying degreCvS of accuracy on 
large areas, plots were combined without reference to range conditions. For small 
areas, such as would be represented by management units, problem areas, and 
sub^ranch units, plot series were sorted into three groups depending on whether or 
not the range condition was considered to be poor, average, or good. Data of the 
several years were not thrown together. 

COMPUTATIONS OF DENSITIES AND FORAGE FACTORS 

Plot density was obtained by adding the species densities for each plot. The 
species densities were added to obtain total species density for a series of plots 
within a vegetation type. Average density of each species in the type was ob- 
tained by dividing the total density of each species by the number of plots in the 
series. Mean density of the type was secured by dividing the sum of the plot 
densities by the total number of plots. 

The forage factor was computed for each plot by multiplying the density of 
ca,ch species by its percentage |.)alatability (2, 3) and adding the products thus 
obtained. By pointing ofl: two decimal places to the. left the forage factor was 
expressed in terms of forage acres per surface acre. The forage factor is a relative 
figure and may be used in the comparison of grazing capacities of different areas 
without reference to grazing capacity in terms of animal months. 

REvSULTS AND DISCUSSION 

RELATION BETWEEN SAMPLING INTENSITY AND STATISTICAL ACCURACY 

The number of plots required to give a mean density or a mean 
fora,ge factor of any desired degree of accuracy was calculated by 
transposing the formula for the standard error of a mean to the 

following form (i): V, in which the standard deviation (cr) 

^In the square-foot density method, density is estimated on circular plots, 100 
square feet in area. The unit of estimation is a square-foot of area completely 
covered by vegetation when viewed from directly above. When vegetation does 
not c'ompletely cover the ground, individual plants are mentally amassed into 
square-foot tmits of total (lo/ro) density. The number of square foot units are 
counted for each species on a plot «'ind recorded in square feet or fractions thereof 
on the examiner’s field data sheet (Form 764b). The examiner’s density concept 
is frequently checked by picking the vegetation and placing it at 10/ 10 density 
in a wire frame r foot square. 
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was determined from the plot data and the standard error of the mean 
((Tm) was given an arbitrary value depending on the accuracy de- 
sired. Thus, to provide an index of the number of plots required for 
accuracies varying from 80 to 99%, standard deviations were com- 
puted from samples of 300 to 1,000 plots selected from each of the 
main vegetation types in Colorado and Wyoming. Allowable errom 
of I, 2, 3, 4, s, :ro, and 20% of the mean were substituted for (Tm hi 
the above formula, and N was then computed in each instance. The 
results of this computation for the sagebrush type in northwestern 
Colorado are shown graphically in Fig. i. Values in Pig. i are shown 
at the 5% level of significance (odds of 19:1). This level of significance 
is used throughout this paper. 

The law of diminishing returns applies to sampling of density and 
grazing capacity. Increase or decrease in sampling error is propor- 
tional to the sqiiare root of the number of plots. For example, in order 
to double the accuracy (decrease the error by one-half) the number of 
plots must be quadrupled. Thus, Fig. i indicates that 48 plots ex- 
amined in the sagebimsh type in northwesteim Colorado will give a 
survey accuracy of 90% for density, while 193 plots will only increase 
the accuracy to 95%. Slight discrepancies from the ratio mentioned 


DENSITY FORAGE FACTOR 



PERCENT OF ACCURACY REQUIRED 


Fio. r. — Number of plots required for different degrees of sampling accuracy 
for the sagebrush type in northwestern Colorado . 
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above occur in actual computation as a result of rounding off numbers. 
Similar diagrams, constructed from data secured in any vegetation 
type, will show the same relationships between number of plots and 
statistical accuracy. 

It is obvious from Fig, i that accuracies exceeding 95% require an 
excessive number of plots entailing a cost of field work and analysis 
which is prohibitive and unwaiTanted in view of the errors intro- 
duced. in surveys by factors other than sampling. For example, the 
examiner’s error in using the square-foot density method is seldom 
less than 5%, Seasonal and yearly fluctuations from the average 
density often exceed, 20% and may even be much greater in years of 
drought or seasons of heavy rainfall. The palatabilities used in com- 
puting grazing capacities are approximations and vary from season 
to season and from one forage type to another. Consequently, sam- 
pling intensities which give an accuracy of 80% should be adequate 
for all practical purposes in range surveys. 

RELATION BETWEEN VEGETATION TYPE AND SAMPLING INTENSITY 

When the transposed formula for the standard en^or of a mean is 
used to compute the number of plots required to give reliable esti- 
mates of either density or forage factor, relatively wide variations 
between vegetation types are found to exist. These variations are 
exemplified in Table i by the numbers of plots necessary to sample 
both density and the forage factor for broad areas of representative 
forage types in Colorado and Wyoming, within 20, 10, and 5% of the 
probable true mean (80, 90, and 95% accuracy). 

It is evident from these data that the intensity of sampling neces- 
sary to secure a given degree of accuracy must vary not only from 
type to type but within types as they occur in different localities. 
For instance, the five examples given as representative of the Great 
Plains short grass type show, in the 80% column, a variation ranging 
from 12 to 26 plots required for a reliable density estimate and 18 to 
44 plots for the forage factor. This variability between types and 
between portions of the same type is largely the result of the different 
degrees of heterogeneity in vegetation that occur from place to place. 

The number of plots necessary to sample the forage factor tends 
to be larger than the number necessary to sample density. This is the 
result of greater relative dispersion of forage factors about their means 
than is the case with the relative dispersions of densities around their 
means. In Table i the greasewood type is the only type requiring 
fewer plots to sample forage factors than are necessary to sample 
densities. Densities in a greasewood type are widely dispersed on 
randomly selected plots owing to the frequent occuiTence of barren 
areas and the occasional occurrence of greasewood or other plants 
with high densities. Forage factors, however, tend to be less widely 
dispersed because the majority of plants commonly found in grease- 
w^ood types are of zero or at most very low palatability. The occasional 
grasses or other plants of high palatability that may be present usu- 
ally contribute little to the density. Since the forage factor is the 
product of density and palatability, the multiplication of low palata- 
bilities by the high densities derived mainly from greasewood and 
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Other shrubby species, and the iTmltiplication of low densities by high 
palatabilities derived principally from grasses, causes forage factors 
to be grouped about their mean closer than is the case with density 
values. 

The data presented in Table i indicate also that an approximate 
maximum limit can be established for the probable number of plots 
necessary to sample any broad range type within a given degree of 
accuracy. Thus, 33 plots will sample the density and 56 plots will 
sample the forage factor with 80% or greater accuracy in all but two 
of the types listed. These figures, of course, apply to the types as a 
whole. vSpecific portions of any type may show either more or less 
heterogeneity than the average^ area within the type. If uniform ac- 
curacy is desired in a survey involving different vegetation types, 
different sampling intensities usually will be required for each type. 

RELATION BETWEEN Al^EA AND SAMPLING INTENSITY 

The number of plots needed for a reliable estimate of either density 
or forage factor is not proportional to the area of the type to be sam- 
pled. Apparently, the number of plots needed is mostly dependent 
upon heterogeneity of the vegetation cover and is related to area 
only as heterogeneity is related to area. 

The dispersion of plot values found within a portion of a type may 
be as great as the dispersion within the entire type. Any two plots 
located at random in a forage type may represent the upper and lower 
limits of density or forage factor that will be encountered. The first 
of the two plots may fall on barren soil and the second in dense vege- 
tation, irrespective of the size of area in which they are chosen. 

Table 2 presents the accuracy obtained when samples of 100 plots 
each were selected at random for areas of increasing size in the short 

Table 2 . — -Accuracy obtained by samples of loo plots on areas of different size. 


Siiie of area, sq. miles 


Percent a»‘e of aecuracv obtained 


Density 

Forajje faetor 

93>23 ■ , 

90.87 

92.66 

91.24 

94.01 

■ 92 ;.a 2 ■ ; 

90.82 : ■ ■ 

88.39 

89.26 

1 88,42 

91.72 . 

88.24 

90.60 

86.90 

89.65 

86.78 

91.85 

85.79 


I 

2. . . . . 

4.. . . . 

8 

12 . . . - 
16. . . . 

20 

100. . . 
10,000 


grass type in northeastern Colorado. The percentages of accuracy 
obtained for clensity and for the forage factor were computed for 
samples of Too plots selected for each area. The accuracy of density 
estimates falls in the narrow range of 89.26^94.01%, Accuracy of the 
forage factor estimates shows a slightly greater range, 85.79 
92.02%. The percentages of accuracy obtained are significantly uni- 
form in both cases. The accuracy of the forage factor appears to 
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diminish with increasing size of area. Data from intensive surveys 
are not available to test whether or not the trend observed would 
appear in similar samples taken in other localities and in other types. 

CONDITIONS AFFECTING SAMPLING INTENSITY 
WITHIN VEGETATION TYPES 

Type heterogeneity . — In surveys designed to secure data for range 
management purposes, plot transects, usually consisting of 3 to 20 
plots, are located in each vegetation type or subtype within a section, 
or a management unit. Grazing capacities are then computed for each 
series of plots. Thus, the basis for determining the intensity of sam- 
pling to be used in a detailed survey lies in the data obtained from each 
localized area of a vegetation type rather than in data consisting of 
a composite sample of plots taken in many portions of the entire type. 
Any specific portion of a type may require a different number of 
plots for a given accuracy than any other portion of the type. Hence, 
in order to survey a range area with statistical uniformity, the re- 
quired number of plots would have to be determined for each portion 
of a type on which a plot transect was taken. This is impractical w’-hen 
lai'ge areas are being surveyed intensively. 

The practical solution to this problem is to determine the number 
of plots that would be required to sample various portions of each 
vegetation type on which a plot transect would be taken. The num- 
bers of plots required for different transects can be arranged in a 
cumulative frequency distribution to show both the number and per- 
centage of areas within a type which rec[uire ‘ 'more than ' ’ or "less 
than" a given number of plots for a reliable sample. 

In a study of type heterogeneity in the mountain bunchgrass type 
on the east slope of Colorado, the results shown in Table 3 wei-e se- 
cured. The numbers of plots required for 80% accuracy on each of 
25 areas within the type were assembled cumulatively and the fre- 
quencies were reduced to percentages. The table indicates that 35 


Table 3, — Cumulative distributio^i of 2^ transects in the mountain bunchgrass 
type, classified according to the number of plots required for 80% accuracy. 


Number of plots 

1 ' . . ■ ■ ■ ■■ 

Number of areas 

Cumulative frequency 

required 

(frequency) 

Number of area.s 

or 

/o 

35 

: 2, 

2 

s ' 

' 45 ■ ■ 

5 ' 

, 7 , ■ ■ 

28 

. . '55 

8' ■: 

15 

60 

65 

6 

. . 21 

. 84 V 

75 

■3 ■' 

■ 24 ^ 

96 

85 

I 

25 1 

100 


plots will sample 8% of the areas with 80% accuracy, 45 plots will 
sample 28% of the areas, and so on. Information of this kind may be 
used as a basis for establishing the average number of plots for each 
transect that would be commensurate with the purpose of the survey. 

Range conditions . — Range conditions on different portions of a 
type may be classed as poor, average, or good. If these conditions 
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witliin a type are sampled independently the number of plots re- 
quired for each differs from the number required when the plots from 
all conditions are combined into a single sample. 

In Table 4 the results of breaking down three types into three 
classes based on grazing capacity are shown. The number of plots 
required to sample the various range condition classes within a given 
degree of accuracy is less in each instance than the number required 
for the composite sample. The total number of plots required to 
sample the type by condition classes, however, is greater than the 
number required for the type as a single unit. If the number of classes 
of range conditions were increased beyond three the total number of 
required plots also would be increased. Under field conditions any 
attempt to fit sampling intensities to classes of range condition prob- 
ably would be unwarranted and of doubtful accuracy. 


Taiilc 4 . — Numher of plots ?tecessaryfor 80% forage factor accuracy for different 
range, amdiiions within each of three forage types. 



Condition of the range 


Com- 

Type 




Total 

posite 


Poor 

Average 

Good 

1 

sample 

Drv mountain meadow 

34 

19 

22 

i 

75 

51 

Mountain bunchgrass ......... 

12 

6 

16 

34 

26 

Plains short grass 

62 

51 

40 

C 53 

67 


Seasonal cha nges .—Table 5 presents the results of computing the 
number of plots required to sample a 32 0-acre short grass subtype 
with the same degree of accuracy from May to October, inclusive. 
A series of 50 permanently marked plots were .surveyed at the be- 
ginning of each month, with the exception of September. Fluctuations 
in the mean forage factor from month to month are expressions of 
both climate and forage compositions. The marked rise in forage 
value for June is due mainly to rapid growth of blue grama and to the 

Table ^.—Seasonal change in sampling intensity on a plains short grass 
subtype in eastern Colorado in igjS. 


Month 

. Mean 
forage factor 

vStandard 

deviation 

Number of plots 
(80% accuracy) 

Mav.... .......... ... 

5.180 

±2.269 

20 

June . 

10.592 

drS.isr 

2,5 

July. . . . 

6.969 j 

±2.796 ,■ 

■ t7 ■ 

August, 

4 . 6.'54 1 

±1.448 

II 

October. 

6.741 1 

; : ±2.844. 

' 19 ', ■ 


appearance of weeds of low palatability. In July and August, growth 
practically ceased and. a considerable portion of the vegetation, which 
became dry and brown, disintegrated and was lost as forage. Sep- 
tember rains, resulting in regrowth, probably account for the in- 
crease in forage available in Octobei*. Clipping studies and dry forage 
weight determinations made ndependently of this study show similar 
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Table 6 .- — Yearly change in sampling mtensity on a plains short grass subtype 
in eastern Colorado. 

Year Mean Standard Number of plots 

forage factor deviation (8o% accuracy) 


APPLICATIONS 


trends and hence indicate that the fluctuations shown in Table 5 are 
real and not the result of a change in density base on the part of the 
observers. 

Yearly changes .-— 6 shows the variation in sampling intensity 
over a period of 3 years for a short grass subtype similar to the one 
discussed above. These computations are based on a series of 40 
permanent plots which were surveyed in September of each year. 
Forage value was low in 1936, reflecting the effects of drought extend- 
ing from 1934. Extremely favorable rainfall in 1938 resulted in an 
excellent forage crop in that year. Much of the variability between 
years in this example is the result of density changes and changes in 
relative floiistie composition with their accompanying palatability 
changes. Data similar to those shown in Table 6 are not available for 
other forage types, but general observation indicates that analogous 
changes may be expected in other types and other localities. 


In view of the results presented in preceding paragraphs it is ap- 
parent that an arbitrary number of plots cannot be proposed as a 
means of securing adequate sampling of all types with uniform ac- 
curacy on all range units covered by a survey. The purpose of the 
survey and the nature of the vegetation dictate the basis for estab- 
lishing the number of plots necessary to sample various types. For 
example, the use of samples derived from broad types is justified when 
averages of grazing capacity are needed by such agencies as the 
Agricultural Adjustment Adniinistration for state and regional plan- 
ning; a different type of vsample is needed when grazing capacities of 
ranches are required; and lastly, in detailed surveys from which man- 
agement plans are to be prepared, the adequacy of the sample on 
individual transects must be considered. 

A preiiminary sample from which the number of plots needed for a 
survey of a given accuracy may be calculated by means of standard 
statistical formulae appears to be more logical than any attempt to 
establish the required number of plots on a purely arbitrary basis. 
If a preliminary survey is not feasible, data collected during the 
course of the survey itself may be analyzed to determine the adequacy 
of the number of plots being secured. In view of seasonal fluctuations 
that may be encountered in the survey, samples for preliminary 
analysis may be taken periodically to provide a basis for adjustment in 
mtensity with season. New samples should also be analyzed as new 
types are encountered. 
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In all procedures used for establishing plot numbers, good judgment 
will be required. For example, a 3,000-acre ranch may have the fol- 
lowing statistics: 


Forage 

type 

Acres 

Forage 

factor 

Forage 

acres 

Percentage of 
grazing capacity 

Grassland ........ 

2,100 

0.03515 

73-815 

76.5s 

Annuals 

300 

0.00250 

0.750 

0.78 

Sagebrush 

450 

0.00640 

2.S80 

2.99 

Meadow 

150 

G. 12650 

18.975 

19.68 


3,000 1 


96.420 

100.00 


In this example, grassland and, meadow types should be sampled 
more adequately than the sagebrush type. A 50% error in sampling 
the sagebrush type would result in less than 1.5% error in the total 
gracing capacity of the ranch. A statistically adequate sample of the 
annual type would be a waste of time and money. 

When portions of a large type or management unit are surveyed 
by sections or other legal subdivisions, more plots than necessary 
may result from repetition of plot transects. In such cases, fewer plots 
may be established, without impairing sampling accuracy and the 
time thus saved may be allotted to important grazing types of small 
area or of infrequent occurrence, in order to obtain more accurate 
estimates. Careful judgment in certain instances should even make 
possible the allocation of plots saved from large management units 
to small management units in key locations. The use of aerial photo- 
graphs from which types and their acreages can be determined, before 
plots are taken should facilitate this process. 

SUMMARY AND CONCLUSIONS 

A study of sampling intensity as it applies to the use of the square- 
foot density method in range surveys was made with sample plot 
data recorded from range surveys on all of the major range vegetation 
types in Colorado, Wyoming, and the Black Hills region of South 
Dakota. 

The law of diminishing returns apiilies to accuracy of smweys by 
the plot method. Sampling error is proportional to the square root 
of the number of plots taken. 

Different vegetation types require different numbers of plots to 
secure a given degree of sampling accuracy. 

Little relationship exists between the area of a vegetation type and 
the number of plots necessary to sample it with a given degree of 
accuracy. ■ , , 

Different portions of a type generally require different numbers of 
plots for a given degree of accuracy. 

Subdividing types on the basis of range conditions and sampling 
these conditions independently requires fewer plots for each condition 
class than are required to sample a broad area of the type to the same 
degree of accuracy. The total number of plots required for all con- 
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ditioii classes, however, is greater than the number required for a 
composite sample of the same area. 

Seasonal and yearly fluctuations in floristic composition result in 
seasonal and yearly fluctuations in the sampling intensity necessary 
to survey the same area with a given degree of accuracy. 

Either a preliminary survey or samples taken periodically from the 
survey data appear to provide a satisfactory basis for determining 
the intensity of sampling required in different types. 

Plots can be saved by less intensive sampling of large grazing units 
or vegetation types and by less intensive sampling of types of lo^v 
grazing capacity. Plots saved can be allotted to small grazing units 
and small areas of important vegetation types, 
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HEAT RESISTANCE IN OAT VARIETIES^ 

Franklin A. Coffman‘S 

O ATS are generally considered to be less tolerant to heat than, any 
of the leading cereal crops. Despite this situation, the major 
oat-producing areas of the United States frequently experience high 
temperatures during the most critical periods of the growth of the 
crop, and decreased yields of oats resulting from heat and attendant 
drought are very common. Consequently, any information helpful in 
preventing or reducing such losses is of interest to oat breeders, 
farmers, and others. 

Statements, presumably based upon observation or deduction, 
frequently have been published to the effect that red oats, i.e., 
varieties belonging to Aimia byzantina, supposedly derivative from 
the wild A. sterilis, are more heat resistant than are the common oat 
varieties of A. saliva, which supposedly are derived from A. fatua. 
Red oats are more widely grown in southern United States and in 
California, and the warmer sections of the world where oats are pro- 
duced. Published data on the comparative heat resistance of oat 
varieties have not been presented, however. Laboratory tests of the 
heat resistance of oat plants were begun in 1936 in order to obtain 
some infoi'mation on this subject. The experiments were limited to 
young plants, and the results reported here on the relative heat re- 
sistance of individual varieties should be considered merely as pre- 
liminary indications. 

MATERIALS AND METHODS 

MtKtli time was consumed in devising a technic which would indicate differ- 
ences between varieties in heat resistance. The equipment available was a Freas 
electrieally-oxierated, thermostatically-controlled oven used primarily for the 
drying of phint, materials. The heat in this oven is produced by a current of air 
passing over electrically-heated coils. The warm air is forced through the oven by' 
a motor-dri ven fan. The oven temperature was maintained within a range of 2 
to 3"^ C. 

Originally the minimum temperature possible in the oven was about 60° C. 
Tests indicated this temperature was too severe for oat plants even when the 
period of exposure was as short as 45 minutes. After some adjustments, however, 
it was possible to obtain a temperature control ranging from some 483^° to 52“ C, 
which was used ill most of the tests. 

Two asbestos baffle plates were inserted in the oven, one on the windward side 
and one at the top to deflect the direct hot-air blast from the plants.® The current 
of hot air was still sufficient to keep the leaves of the oat plants almost con- 
stantly in motion. 

The pots containing the oat plants were set in a pan containing about 2 inches 
of water in order to retard drying. This tended to reduce the heat from the bottom 

^Contribution from the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Dept, of Agriculture. Received for publication July 13, 1939. 
"'^Agronomist-; 

®The writer is indebted to C. H. Kyle, .senior agronomist, i 3 ivision of Cereal 
Crops and Diseases, for assistance in the technic used for testing plants to heat. 
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of tlie oven and was helpful in cooling the pots and soil. The water was replenished 
as it evaporated. 

In all the tests on which data ai*e presented, only two pots were placed in the 
oven at a time. The area of the oven, after the asbestos plates had been inserted, 
was approximately i6 inches wide, 12 inches high, and 17 inches deep. After one- 
half the exposure period had elapsed, the position of the pots in the oven was 
reversed and each pot was then turned so that all of the plants might have, as 
nearly as possible, the same exposure to the heated air. 

Various arrangements of planting the seed in the pots were tried during the 
course of the experiments. In X936-37, about six plants were grown per pot. In 
the test conducted in 1937-38, 6dnch pots were used and two kernels of each of 
10 varieties were sown per pot. In all tests in 1938-39, 5-inch pots were used for 
growing the plants. In one test, two seeds of each of six varieties were sown in a 
pot, and in another test, four kernels of each of two varieties were alternated. In 
the most recent tests, five kernels of each of two varieties were planted alternately 
in a pot. 

Preliminary experiments indicated that Fulghuni (C. I. 708)^ was much 
superior to any of the other varieties tested for heat resistance, and this variety 
was used as a check in all later tests. Where two varieties were sown alternately 
in a pot, Pulghum wais one of the varieties, and the survival of each variety was 
calculated in percentage of the check. 

DATA OBTAINED 

In 1936-37, oat plants in 10 pots were tested for heat resistance 
at a temperature of some 59^ to 60^^ C. with exposures of 3 to 4 houi's. 
These tests were so severe that only one plant of the Fulghum (C.I. 
708) variety survived, 

A second series of tests was made in 1937-38 at a temperature 
range of 48)^° to 50° C. Exposure periods ranged from 45 minutes to 
4 hours as follows: Two pots for 4 hours, six for 3 hours, four for 2 
hours, four for i hour, and four for 45 minutes. Two seeds each of 10 
varieties were planted in each of 20 6-inch pots so that all varieties 
presumably had equal exposures. The results indicated that the expo- 
sures were still much too severe for oats, but gave further evidence 
that Pulghum (C.I. 708) was more heat resistant than any of the 
other varieties then tested. Among the 10 varieties tested, 5 are 
classed as belonging to Avem byzantina, 4 to A. satim, and i to A, 
sativa orientalis. The varieties of the latter two groups were alter- 
nated with those of A. byzantina varieties in seeding. Most of the 
plants in all pots succumbed but a few survived, usually in pots 
exposed for the shortest period. The percentage of survival of the 
different varieties was as follows: Pulghum (C.I, 708), 30.8 ; Ferguson 
71 (Red Rustproof) (C.I. 1039), 10. o; Storm King (C.I. 1602), 8.1; 
and Coastblack (C.I. 1025), 8.0. The remaining varieties, Markton 
(C.I. 2053), Brunker (C.I. 2054), Richland (C.L 787), Victory 
(C.L ii4S), Comeilian (C.I. 1842), and Red Algerian (C.L 840), 
did not survive. In these tests, it seemed that the varieties of A, 
sativa were less heat resistant than those of A. byzantina, but this 

^C. L refers to accession number of the Division of Cereal Crops and Diseases, 
formerly Office of Cereal Investigations. 
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generalissatioii was not confirmed in later tests when additional \^arie- 
ties were tested. 

Three experiments were conducted in 1938-39. In the first experi- 
ment, two seeds of each of six varieties were sown in each of 35 pots. 
Thus 6g or 70 plants of each variety were tested. The plants were 
exposed as follows: 12 pots for 2 hours, 9 pots for i }4 hours, and 12 
pots for I hour, at a temperature range of 48 hi® to 52° C. The survival 
of Fulghum (C.L 708) was 7.1% after a 2~hour exposure, ii.i% 
after i }4 hours, and 43.5% after i hour. The average survival was 
20.3%. No plants of Richland (C.L 787) survived in any test. In 
relative survival, calculated, on the basis of the survival of the IhiL 
gliuin check considered as 1:00%, Victory survived 6.9%, Markton 
21.2%, Brunker 28.6%, and Ferguson 71.35%, Fulghuni, alone, sur- 
vived when the exposure was longer than 1 hour. The superiority of 
Fulglitim was notable. 

In the second experiment, the same six varieties were sown in 30 
pots. Four seeds of Fulghum were .sown in each pot alternating with 
four seeds of one of the other five varieties. Thus, each of the five 
other varieties was compared with Fulghum in 10 pots. Periods of 
exposure to heat were one pot for 2 hottrs, one for 1L2 hours, six for 
I hour, and two for 45 minutes at a temperature range of 48 >2° to 
52® C. The data obtained, are px'esented in Table i. For some reason 
the Fulghum plants in the pots exposed for 2 hours, all of wdiich were 
exposed on the same day, survived much better than when exposed 
for shorter periods. One plant of Ferguson 7 1 also survived at that 
exposure. The reason for this is not known. Possibly the oven was not 


Table i. — Survival of Jim oat mrieties compared unth Fulghum (C, I. 08) ^ 
after different periods of exposure to a tern perat-ure of 48)4° to 52° C 



i 

] 

Percentage survival after 
exposure for 

Aver- 
age ail 
tests 

(40 

plants) 

Per- 

Variety 

, , 

1 

C.' I, 
No. 1 

i 



2 

hours 

(4 ^ 

plants) 

; r K ■ 

‘ hours 

(4 

plants) 

I 

hoiir 

(24 

Xjlants) 

45 
min- 
utes (8 
[dants) 

ccnt- 
ageof 
cheek . 

Victory 

U45 j 

0 

0 

4.2 

121.5: 

5A).-' 

164 

Fiilghain .......... .i 

708 i 

0 

50.0 

12.5 -1 

roo.o 

1 30-5 ■ 

. . . 

Markton. , 

2053 ' 

0 

0 ' 

. 4.2: ^ 

50.0 

: "12-5 

25.0 

Fnlgbimi, . ..... 

708 ■ 

75-0 

0 

37*5 

ipo.o 

50.0 


Brunker. . . . .... . . . , 

2054 

0 

0 

, 4.2' 

28.6* 

7.7 

14.0 

Ful^^hum . . .... . . . . . 

708 

G 

0 

417 

ipo.o 

5v5-o 



Richland . . . . . ... . . . ■ 

' 787 ! 

e 

0 

0 

0 

0 

0 

Fu]j,dnim 

708 

100.0 

■O’-' 

' ■■ 29.2 ■ 

88,8 

1 45-0 


Ferginson 71 (Red 








Rustproof).. 

1039 ■ 

33'3T 

' 0*. 

17.4'*' 


21.6 

,x::;:.72,0:;-. 

Fulghum ' 

708 

25.0 

: . .. o ’ '- ,;. 

29.2 


30.0 ! 


Average for Fulghum . 


40.0 1 

ro.5 

30,0 

(S7.5';: 

42.7 , 

i 100.0 


*One less plant. 
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functioning normally and the fact was not detected, or else some 
environmental condition influenced the heat resistance of Fulghum 
and Ferguson 71 oats that day. With the exception of data for that 
one day, these tests usually have resulted in progressive increases in 
survival as the period of exposure to heat was shortened. No plants 
of any of the other varieties survived when exposed for longer than 
one hour. 

An average of 42.7% of the plants of Fulghum survived in this 
experiment (Table i). Gonsidering the survival of Fulghum as 100, 
the other varieties survived as follows: Ferguson 71 (Red Rustproof), 
72%; Markton, 25%; Victory, 16.4%; Brunker, 14%; and Richland, 
none. It is difficult to explain why Richland failed to survive in these 
tests. .In later tests in which the period of exposure to heat was re- 
duced, Richland showed some tolerance to heat. 

Ill the third experiment in 1938-39, 10 pots each of 23 vazieties 
were sown along with the Fulghum check in each pot. Eight pots of 
one additional variety were grown in a similar manner. Five seeds of 
a variety were sown in a pot in alternation with five seeds of Fulghum. 
The seedlings were made at i-week intervals, two pots of each variety 
pair on each date. All pots were exposed in the oven for 45 minutes at 
the heat range of 48 ^2° to 52° C. Except in the final series of plantings, 
ail the plants ivere in the five-leaf stage of development when exposed 
to heat. Due to an oversight the plants in the fifth or final replicate 
were exposed to the stimulating influence of an artificial light through- 
out the nights. Although located some distance away, the light 
caused some variation in the stage of development of these plants. 
The data obtained, however, do not indicate that the heat resistance 
of the plants was greatly influenced by the light. 

A wide range of varieties w’’as included in this test. About half of 
the varieties are classed morphologically as belonging to Awna 
byzantina and half to A. sativa. The White Russian (White Tartar) 
variety of A. satim cnVwla/i? was included. Midseason, early-matur- 
ing, and one late-maturing variety were tested along with the leading 
varieties of winter oats. Fulghum and Appier (Red Rustproof) oats, 
shown to be resistant to heat, usually are grown from fall, winter, or 
early spring seeding and are known to require some cool temperatures 
in early stages for normal growth and development. They also have 
considerable cold resistance. It seemed desirable, therefore, to include 
other varieties of winter oats in the heat experiments.^ The compara- 
tive cold resistance of certain of the winter oat varieties is shown in 
Table 2, Varieties highly resistant to stem rust, crown rust, and smut 
were tested. Oat varieties having no dormancy and those having 
differing degrees of dormancy in freshly harvested seed ‘were included. 
Black, gray, red, yellow, and white oats; awnless and awned varieties; 
varieties with and without basal scars ; and varieties with and with- 
out pubescence w^ere tested, 

^The writer is indebted to S. C, Salmon, principal agronomist, Division of 
Cereal Crops and Diseases, for suggesting that heat resistance of winter oats as 
well as spring oats be investigated. 
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Table 2,— -Comparative survival of 2 varieties of oats after 4J minutes in aii 
oven at 48)4^ to 52^' C. 


Variety 



Plants survived 

' 

Cl 


, No. 

Variety 

nameci, p„fghum, 

% 


Percentage of PuP 
ghum, C.I. 708, check 
as 100 


Hardiness 

test*, 

% 


Early Mattiring, 


Brtniker. . .......... . 

Black Mesdag ........ 

Columbia 

Early Joanettef. 

Richland 

Victoria X Richland. . . 

Average. ........... 


Midseason, Spring 


Bond - . 

2733 

20.4 

43-8 

46.6 

63.8 

loanette 

1880 

26.0 

50.0 

52.0 

. 

Marktoii 

2053 

14.3 

46.9 

30,5 


Rainbow.. . 

2345 

12.5 

31.3 

39.9 


Victoria 

2401 

22.4 

52.1 

43.0 

46.8 

Victory 

1145 

14.0 

38.0 

36.8 



Average 


18.3 

42.7 

41-5 

55-3 



Late, Sprit 

Ig 



White Russian (White 






Tartar) 

1 1614 

4.1 

24.5 

16.7 

.: 

Average, 


4.1 ■ 1 

24-5 

16.7 



Intermediate, Spring- Winter 



Appier 

1815 ! 

56.0 

70.0 

80.5 

105.8 

Fulghum ' 

7 o 8 J 

40.8 1 

40.8 

ipo.o 

1 00.0 

Navarro ■ 

966 

53.1 : 

52.1 

101.9 

' ’ 

Ruakura. . . . ! 

2025 . 

59.2 1 

40,0 

148.0 


Average 

' 1 

51.8.- 

50.6 

107,5 

102.9 



Winter 




Bieknell 

3218 

44-9 

36,0 .,] 

124.7 ! 

117.6 

Cnlred. 

3217 

36.0 

, 30.0 ■ : 

120.0 

108.6 

Fulghum 

2499 

66.0 

66.7 ! 

99-0 ' 

1 13*7 

Fuiwin . . . . ........... 

3168 

66.0 

■ ■52..I ■. 1 

126.7 

106.3 

Hair V Culberson 

2505 

68.0 

■ss.i ■ i 

123.4 

118.7 

Lee. . i 

■ 2042 ' 

34-7 i 

■ ' 34*7 ' 1 

100.0 

IZI.O 

Tech......":.......-.'. .... .1 

947 

61.2 ' 

■'SS.o'.'., ■ 

105*5 

109.2 

Winter Turf, ....... . . . J 

v3296 

67.3 1 

6o.o'.-^ ,| 

,II2,.2 - 

iii.c) 

" Average.", .-v.,. ... . . .-.i 


56.0 i 


113*9 

/ . 1, 1-2 .p.. 


from extensive cooperative wniform hardiness nursery tests conducted at several experi- 
ment stations. ■ 

tOnly eight pots were tested, whereas 10 were tested of all other varieties,* 

■■ jAverage of £iil pots.', , ; 
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Prom the results shown in Table 2, it would seem that the only 
characters specifically associated with heat resistance were those of 
partial to complete winter growth habit and cold resistance. It was 
surprising that varieties belonging to Avena hyzantina were not, on 
the whole, moi'e heat resistant than are those of A. sativa. Only those 
having some cold resistance or being more or less of the winter type, 
and adapted to the South, were notably heat resistant. 

DISClTSvSION 

The data obtained indicate that varieties which are more or less 
winter resistant are apt to be heat resistant as well. It was rather 
surprising that red oats were not more heat resistant than many 
varieties of so-called common oats. Possibly, if the plants had been 
subjected to some sort of hardening, different results would have been 
obtained. It also is not known how nearly the laboratory set-up 
approached natural or field conditions. Evidently, from the results 
obtained heat resistance is not related to any of the characters making 
for resistance to the major diseases of oats. 

The factors responsible for beat resistance in oats would appear to 
be similar to those that are generally considered to enable plants to 
resist cold. Either extreme heat or heavy freezing causes a with- 
drawal of water from plant cells. The close association between heat 
resistance and cold resistance in oats would suggest that hydrophyllic 
colloids which retain water in the protoplasm with a considerable 
inhibitional force are abundant in the resistant varieties. 

The fact that heat resistance seems closely related to winter re- 
sistance is of interest to plant breeders. If future tests show that heat 
resistance is a reliable index of winter resistance, the testing of hybrid 
populations for cold resistance will be greatly simplified. Heat tests 
can be made in ovens which are more commonly available and less 
expensive than refrigeration equipment. 

The possibilities of breeding for heat resistance in oats would seem 
to be favorable. Although most of the typical spring oats seem to lack 
heat resistance, the varieties appear to vary somewhat. Fulghum 
oats sown in early spring mature normally, and this variety has a 
marked ability to resist heat. Ruakura, which also matures normally 
when spring sown, would seem by these tests to have unusual heat 
resistance. It would seem possible to obtain spring-like oats with 
m 03 :e heat resistance than are our present leading spring oat varieties. 
It is not difficult to conceive of seasons in which heat resistance would 
be as important a character to an oat variety as is rust resistance in a 
season when rust is prevalent. 

SUMMARY 

Oat varieties were subjected to different temperatures for various 
lengths of time. It was determined that a temperature of 483^° to 
$2* C for a period of 45 minutes would give results indicating dif- 
ferences in heat resistance of oat varieties. The plants tested were, 
in the five-leaf stage. Experiments were conducted on more than 25 
varieties. It was found that varieties differ widely in their ability to 
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resist heat. Varieties adapted to the South and that are resistant to 
cold and have at least a partial or intennediate winter growth habit 
showed the greatest resistance to heat. 

Red oats {J\.mna bymntina) as a group were not more heat resistant 
than many varieties of A. sativa. Some varieties belonging to both 
species were heat resistant. Heat resistance apparently is not corre- 
lated with time of maturity, with resistance to any of the major oat 
diseases, with after4iar\a^st dormancy, or with any of the observed 
morphological characters of the oat kernel. 
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GRASSHOPPER INJURY IN RELATION TO STEM RUST 
IN SPRING WHEAT VARIETIES^ 

Ralph W. Smith^ 

D ifferential injtiry to cereal crops and varieties by insects 
is a rather common observation, As a result of insect ravages in 
recent years, there is an increasing interest in growing field crops 
resistant to insect injury and also in developing strains less subject 
to attack by insect pests. 

Gilbertson (3)'^ and Dunham (2) report that certain wheat varieties 
are injured more than others by stem maggot. McColloch and Sal- 
mon (6) and Painter, Salmon, and Parker (7) found that certain 
varieties of winter wheat are more resistant than others to injury by 
Hessian fly. 

Brunson and Painter (i) state that grasshoppers injured corn more 
than sorghum and that in both crops some varieties were injured 
more than others. Htime (5) states that dent corn was injured more 
by grasshoppers than flint corn.. Hermann and Eslick (4) observed 
differential injury caused by grasshoppers in different genera and 
species and in selections within species in grasses at the Washington 
Agricultural Experiment vStation. 

General observation of grasshopper damage to cereal crops in the 
Dickinson, North Dakota, vicinity in recent years would indicate 
that these crops, in extent of grasshopper injury, rank in descending 
order as follows: Barley, oats, wheat, corn, and sorghum. During the 
grasshopper invasion of 1938, which was the worst ever known at 
the Dickinson substation of the North Dakota Agricultural Experi- 
ment Station, estimates were made of the percentage injury from 
grasshoppers in held plats of spring wheat, oats, and barley. Averages 
of the four replications of each variety gave the results shown in 
Table I, 


Table j Average percentages of heads cut off hy grasshoppers in field plats of 
spring wheat y oatSy and barley at Dickinson y N. Dak.^ IQ38, 


No. of varieties , 

Crop 

Heads wholly or partly cut off, % 

■,■24 , , 

vSpring wheat 

38 

16 

1 Oats 

51 

, '15 . ^ 

Barley 

57 


In 1938 there also occurred a very destructive epidemic of stem 
rust in the vicinity of Dickinson. This gave an unusual opportunity 
to study the correlation between grasshopper injury and percentage 
of stem rust in spring wheat varieties. The percentage of heads lost 
through grasshopper injury and the percentage of stem rust were 
estimated for all varieties in the general spring wheat nursery. 

^Contribution from the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Dept, of Agriculture, in cooperation with the North Dakota 
Agricultural Experiment Station. Received for publication July 17, 1939. 

^Associate Agronomist, Division of Cereal Crops and Diseases. 

^Reference by number is to “Literature Cited”, p. 820. 
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It was observed that, with a few exceptions, rust-resistant varieties 
showed limited grasshopper injury, while severely rusted varieties, 
in general, were badly injured by the insects. Correlation coefficients 
calculated for different sections of the nursery are shown in Table 2. 
These rather high correlations show a decided tendency for grass- 
hopper injury to increase with an increase in rust prevalence. The 
varieties in groups i and 2 were consecutive, while in grouj^ 3 all va- 
rieties having only a trace of rust were omitted. 


Table 2. — Correlations between percentage o f heads cut off by grasshoppers ami 
percentage of stem rust in varieties of spring wheat at Dickinson, N, Dak., 

ms. 


Group 

No. of 
varie- 
ties 

Heads cut oil, % 

Stem rust, 

% 

Correlation Ije- 
tween grasshopper 
injury and stem 
rust 

Max. 

Min. 

Av. ^ 

Max. 

Min. 

Av. 

I 

100 

95 

1 

10 

51.7 1 

■ 75 

0 

394 

+0.767 ±0.028 

2 

225 

100 

10 

42.9 

75 

0 

17.1 

r = +0,512+0.033 

3 

256 

100 

10 

51.5 i 

75 

0 

36.7 

r = +0.787 ±0.016 


The varieties or strains of wheat studied were mostly unnamed 
hybrid selections. A few named varieties were included and the data 
recorded in Table 3 show, in general, a decrease in grasshopper injury 
as the percentage of rust decreases. A marked exception is Hard 
Federation in which the strong peduncle evidently enables it to resist 
hopper injury despite its high susceptibility to rust. 


Table ^."Estimated percentage of heads cut off by grasshoppers and percejitage 
of stem r test in 14 varieties of spring wheat at Dickinson, N. Dak,, 


Variety 

Heads cut offV% 

Stem rust, % 

Reward. 

95 

75-. 

Reliance. 

93 

75 ■ 

Red Fife 

90 

75 

Haynes . 


70 

Marquis 

80 ■ 

■ 75 

Ceres .... 

. 72 ' 

73 

Supreme. 

60 

75 

Kota. ........ . 

60 

60 

Komar ......... 

■ oS'- 

73 

H -44 1 

35 

15 

Thatcher. 

' 31^ ' ■ 1 

6 

Hope. ........ . . . . . ................. . . i 

20. 

. '2 . ' 

Pilot. ...i 

20 ■ .. j 

' 2'/ 

Hard Federation . . ...... . . . ... .... . ... . 

15 ' '' ' ' 1 

■ 75 - 


Several theories have been advanced to explain why badly rusted 
vai'ieties are injured more by grasshoppers than rust-resistant va- 
rieties, but the WTiter is unable to state rvhich of the following factors 
are important : (a) It has been suggested that a changed chemical 
content of the rusted stems, such as a greater sugar percentage, makes 
them preferred by the insects; (b) another theory is that the high 
protein content of the rust spores (i8% in one sample) makes them 
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attractive to the hoppers; (c) some varieties have stems that are 
softer or more juicy, and hence are more attractive to the insects; 
(d) perhaps the fact that wheat stems punctured by rust pustules 
are more easily broken over and chewed off than are normal stems 
accounts for much of the diffei'ence. 

The writer has no evidence to indicate that rust-resistant varieties 
are less palatable to grasshoppers than susceptible varieties when 
rUvSt is not present ; also, evidence is lacking with which to determine 
to what extent the insects prefer rusted to rust-free grain, or whether 
the difference lies mainly in greater ease of destruction of the former. 

The stage of maturity of the plants seems to have considerable 
influence on the amount of injury but cannot account for all of the 
differences noted as both earl}?' and late varieties are found in both the 
badly injured and slightly injured groups. 

The greater number of the grasshoppers present in 1938 were identi- 
fied by entomologists as the lesser migratory species, Melanoplus 
mexicaniis (Sauss,). Locally hatched hoppers that survived poisoning 
were augmented by swarms that blew in with warm south winds, 
especially on July 10. 

After the middle of July the number of grasshoppers was gradually 
reduced, apparently due to migration with the wind to the north or 
northwest. Enough remained, however, to lay sufficient eggs to men- 
ace the crop of 1939. 

SUMMARY 

The leading cereal crops at Dickinson, N. Dak., in the extent of 
grasshopper injury, ranked in descending order as follows: Barley, 
oats, wheat, com, and sorghum. 

Certain spring wheat varieties were injured by the grasshoppers 
more than others. 

With some exceptions, badly rusted wheat varieties were injured 
considerably more than those showing but little rust. In three differ- 
ent groups of spring wheat in the nursery the correlation coefficients 
between percentage of stem nist and percentage of grasshopper 
injury w^ere r— +o.5i:2±.033,d"0.767d=.o28, and +0.787^.016. 

Several unconfirmed reasons are suggested for the greater damage 
to rusted varieties. 

The stage of maturity of a variety seems important but apparently 
cannot account for all the differences since both early and late 
varieties were found in both the badly injured and slightly injured 
groups. 
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NOTE 

HARVESTING BUFFALO GRASS SEED FOR INDIVIDUAL USE 

B uffalo grass seed wa.s successfully harvested at the Blackland 
Experiment Station at Temple, Texas, this season during the 
last week in June, at tlie rate of about i pound per man hour cleaned 
unhulled weight. A lawn mower was prepared for the job by removing 
the cutter bar, taking off the roller, attaching an ordinary grass 
catcher, and placing a shield on top of the mower and up the handle 
to deflect the scattering seed into the catcher (Fig. 1). 

This machine was used on a 
buffalo grass lawn that had been 
mowed regularly and on a field 
area that had beexi cut with a 
mowing machine immediately 
prior to the seed collecting opera- 
tion. In both cases satisfactory 
amounts of seed were secured. 
On the lawn, earthworms had 
worked up considerable soil 
which was caught with the buf- 
falo grass seed. This soil was re- 
moved by placing the catch in a 
tub of water and skimming the 
seed from the top. 

By using this method of col- 
lecting seed, the amount of hay that is caught in addition to the seed 
is materially reduced by removing the cutter bar on the lawn mower. 
The separating process is thus simplified so that the coarser surplus 
hay is easily removed by hand. Fanning is then effective in the re- 
moval of the smaller trash particles. Neither the floating nor the fan- 
ning need be done if the seed are to be planted by the collector. 

This economical method of harvesting buffalo grass seed will make 
possible the seeding of pastures to this grass, an operation that has 
not been practicable because of the difficulty in securing a seed 
supply. — H. O. Hill, Texas Blackland Experiment Station, Temple, 
Texas. . ■ . . . 



Fig. I .—An ordinary lawn mower re- 
constructed to harvest buffalo grass 
seed. 
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“SLICK SPOTS’^ IN NEBRASKA' 

J/W/ Fitts, TL F. Rhoades, AND E. vS. Lyons" 

I N the Platte and North Platte valleys of Nebraska there are many 
small areas that will support little or no crop growth. These areas 
are commonly known as “slick spots’" because of their slick, greasy 
feel when wet. Similar areas have been described by Peterson (10 ) 3 
Isaak (8), Gatlin and, Vinson (3), Burgess (2), Gardner, Whitney, and 
Kezer (5), and others. 

The slick spots described by these investigators have a puddled 
structure and are quite impervious to water. It is generally considered 
that their poor physical condition is due to the presence of sodium 
ions ill the exchange complex of the soil. Peterson (10) found that 
slick spots in Idaho \vere considerably higher in carbonate than the 
normal soils and suggested that the impervious nature of the slick 
spots was due to the cementing action of calcium, carbonate. Isaak 
(8) noted a higher content of clay in the slick spots. 

The slick spots mentioned in this paper are found on the first- 
bottomlands, particularly in association with Minatare, Laurel, and 
Lanioure soils, but occasionally they occur on low bench land mapped 
as Tripp. They vary from a few square feet to several acres in extent 
and are heterogeneously scattered throughout the fields. Such areavS 
are expensive to the irrigation farmer, especially when the land is in 
sugar beets. They are so irregular in shape and, in many cases, so 
small, that they usually cannot be left out of the field. Accordingly, 
they add to labor costs, often as much as $25.00 an acre of “spots”, 
without contributing any return. Practical experience has amply 
proved that they; cannot be improved by the ordinary practices of 
cmlttire or fertilization. 

Slick spots vary in their adaptability for plant growth. If the cli- 
matic conditions are favorable when alfalfa is planted, a good stand 
may be obtained except on the most severe slick spots. However, after 

’CoBtribution ^ from ^ the DepartmeBt of Agronomy, Nebraska Agricultural 
Experiment Station, Lincoln, Nebr. Published with the approval of the director 
as paper No. 227 Jourmil Series. Received for publication May 24, 1939. 

^Assistant Agronomist, Assistant Professor of Agronomy, and Associate Soil 
Technologist, Bureau of Plant Industry, U. S, Dept, of Agriculture, respectively. 
The authors wish to express their appreciation for the suggestions and criticisms 
ofTered by Prof. J. G, Russel 

^Figures in parenthesis refer to “Literature Cited”, p. 831, 
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a few iiiontlis the alfalfa dies. Under less severe conditions some of the 
alfalfa may survive. Sorghums and small grains appear to be even 
more sensitive. Occasionally, sugar beets will grow even in the naore 
severe areas. However, the stand is not uniform and usually the yield 
is low. 

PLAN OF THE INVESTIGATION 

Laboratory and field studies are in progress at the Nebraska Agricultural 
Experiment Station to ascertain the physical and chemical nature of slick spots 
and to find methods .suitable for their reclamation and management. It is the 
purpose of this paper to report data on mechanical analysis, carbonates, pH, 
exchange capacity, exchangeable calcium,' magnesium, sodium, and potassium, 
and percentage saturation with sodium and potassium of slick spots and normal 
soils from four fields. The soil samples used in this study were taken from the 
following fields. 

Field i. — This field is located in the North Platte Valley, near Minatare, 
Nebraska. It is mapped as Minatare silt loam (13). The slick spots are numerous 
and conspicuous. The normal soil is of only medium productivity. The water 
table occurs at 3 or 4 feet below the surface. This soil is very calcareous. The 
imj^ervious layers of the slick spot apparently occur at a depth between 10 and 
16 inches. 

Field 2.— This field is located in the Platte Valley near Lexington, Nebraska. 
It is mapjjed as Lamoure very fine sandy loam (6). The slick spots are abundant 
and conspicuous by their slightly higher elevation and lighter color throughout 
the profile. The normal soil in the areas sampled is of relatively low produc- 
tivity, although it is distinctly better than the slick .spots. The water level occurs 
about 6 feet below the surface. This soil is non-calcareous generally above 30 to 
36 inches, but in slick spots it is calcareous at a shallower depth. The impervious 
layer appears to occur between 6 and 9 inches, but the soil below is distinctly 
impervious also. 

Field j.— This field is located in the North Platte Valley near Scottsbluff, 
Nebraska. It is mapped as Tripp fine sandy loam (13). Slick spots, varying in 
severity, are scattered throughout the field. The water level occurs about 6 feet 
below the surface. The soil is only slightly calcareous in the surface but has rela- 
tively large amounts of lime in the lower depth. Slick spots have more lime in 
layers close to the surface than the normal area^. The slick spot sampled in this 
field was unique in the abruptness in which the impervious layer occurred. The 
upper 8 inches had a fair structure, but immediately belowy there was a very im- 
pervious sticky plastic layer. 

Field 4.— This field is located in the North Platte Valley near Bridgeport. It 
is mapped as Laurel very fine sandy loam (7). The sHck spots are conspicuous 
because of their slightly higher elevation and lighter color. The water level occurs 
about 5 feet below the surface. This soil is calcareous in both normal and slick 
spot areas. The impervious layer occurs at 7 inches and is distinctly impervious 
to a depth of 29 inches. The normal soil is of average productivity. 

SOIL SAMPLING 

The slick spots in Nebraska vary a great deal in their profile characteristics 
and their adaptability for crop growth. They vary greatly within the same field 
and even in a given slick spot. The impervious layers do not always occur at the 
Same depth. If the impervious layer occurs at or near the surface an unfavorable 
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condition results* The depth below the surface and the thickness of the impervious 
layer determine largely the ability of the slick spot to absorb water and, to support 
crop growth* However, normal aoils^ in those fields c’ontaiiiing slick spots are only 
medium in prodtictivity and may be considered as the "bCvSt conditions*’ fotmd in 
the field. 

Because of the heterogeneity of these spots, it was deemed unwise to take a 
large number of samples from different spots at given depths and composite 
them. Instead, trenches were dug in selected slick spots and representative 
samples were taken for each layer from the face of the pit, A trench was then dug 
in n normal area as close to the slick spot as possible, and samples were taken 
from corresponding depths. It was found in almost every case that the depth of 
the layers in the normal soils was about the same as in the corresponding sHck 
spot. 

EXPERIMENTAL 
iMECHANICAL ANALYvSIvS 

Mechanical analysis was made according to the Robinson pipette 
method as modiiied by Engle and Yoder (4). The centrifuge used was 
of the usual type built by the International Equipment Company for 
the ineehaiiical analysis of soils. The speed of the centrifuge was 1,200 
r.p.m. and the minimum time of centrifuging ivas 2 minutes. Engle 
and Yoder did not recommend this procedure for alkali or highly 
calcareous soils. However, the small amount of soluble salts (0.2% 
or less) or the large quantity of calcium carbonate present in the soils 
studied did not seem to interfere with the analysis. The data indicate 
that practically all of the calcium carbonate was found in the separate 
less than 0.005 mm. 

The above method was slightly modified to determine the c'arbonate-free 
particles less than 0.005 mm. A quantity of air-dry soil equivalent to 15 grams of 
oven-dry soil was placed in a small beaker, moistened with distilled water, and 
3 N liydrochloric acid was added a few drops at a time until efifervescence ceased. 
A few more drops of acid and about 100 cc of water w'ere then added and the mix- 
ture thoroughly .stirred. The quantity of calcium chloride formed by the addition 
of hydrocldoric acid to the highly calcareous soils caused the finer separate to 
fiocculate upon standing. To overcome this, two portions of the separate less 
than 0.005 mm were determined for each sample. The first determination was 
made by allowing the soil and, water mixture to stand overnight. The dear super- 
natant liquid was then decanted and the soil washed into a centrifuge tube. 
After centrifuging id or 12 minutes, the clear supernatent liquid wais decanted 
and di.scarded. This procedure was repeated until a trace of suspension appeared 
in the supernatent liquid. After that, the suxjernatent liquid was decanted into" a 
large cylinder and the soil remaining in the tube was defiocculated by adding a 
few drops of ammonium hydroxide and triturating. With repeated centrifuging 
the time was reduced to 2 minutes. The supernatent liquid was relatively clear 
after about 900 cc of suspension had been collected. Distilled water was then 
added to bring the volume to 1,000 cc. The suspen.sion was thoroughly stirred 
and a sample was removed immediately for the determination of i^J^rticles less 
than 0.005 The i^rocedure of Engle and Yoder w^as then followed in separat- 

^The term ^'normal soil** as use<i in this pa^jer refers to the parts of the field 
where plant growth is normal. It is not to foe confused with the term as used in 
soil classification,, ■ ' 
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ing the remaining soil in the centrifuge tube. The percentages of the two portions 
of particles less than 0.005 mm were then added to obtain the total carbonate- 
free separate. 

The mechanical analysis data by the method of Engle and Yoder 
and the percentages of carbonate-free separate less than 0.005 mm 
are presented in Table i. The calcium carbonate contents and com- 
parisons with percentages of particles less than 0.005 mm are shown 
in Table 2. The data of Table i show no consistent differences be- 
tween the slick spots and noi'inal soils. All of the soils were relatively 
high in the separate greater than 0.05 mm and low in the separate 
0.05 to 0.005 mm. Except for field i, the percentages of particles less 
than 0,005 by the two methods show about the same ti*ends. 
The percentages of carbonate-free particles less than 0.005 
normal soils -were higher than in the slick spots for the three depths 
of fields I and 4 and lower in the three depths of field 3. In field 2, 
the percentages of particles less than 0,005 mm in the first depth of 
the normal soil was equal to that of the slick spot, while in the 
second, depth the slick spot was higher and in the third depth the 
normal soil was higher. 

Table i. — Mechanical analysis of slick spots'' and normal soils from four 

fields. 


Depth, 

inches 

Mechanical analysis bv method of Engle and 
Yoder, % 

Carbonate- 
free, % 

>0.05 mm 

0.05-0.005 mm 

<0.005 

<0.005 

' ' i 

Normal | Slick 

Normal | Slick 

Normal | Slick 

Normal | Slick 


Field I 


0-3 .... 

• 53 -b 

50.8 

15.0 

16.3 

314 

, 32-9 

20.1 

3-10. . . . 

• 53.5 

48.9 

ir,4 

13.3 

35.1 

37-8 

18.7 

10-16. . . . . 

. 1 40.8 

24.1 

12.4 

8.6 

46.8 

67-3 

19.3 


Field 2 


0: 6. ...... 

53 «b 

60.6 

17.0' 1 

10.2 

29.4 

29.2 

28.8 

b “9 

51.0 

48.7 

19.1 

8.4 

29.9 

42.9 

29.0 

9-15 

34*1 

43-5 

• 5-2 1 

12,6 

507 

43*9 

494 


Field 3 


0-8. . . . . . . 

74*5 

72,0 

9.6 

7.9 

15-9 

20. r 

17-3 

8-15 . ... . 

75.6 

49.7 

IG.O 

9.6 

144 

40.7 

16.3 

:' 5 - 22 . . : 

^ . 51^9 ! 

36.2 

■ 14.2' 

1 1.2 1 

33.9 

52.7 

21.5 


17.4 

17.0 

I4-5 


28.6 

40.0 

37‘2 


19.1 

25-3 

27.4 


Field 4 


0-7 

61.4 

73-9 1 

17*3 

10.8 

21.3 

1 5-3 1 

17.9 

14.8 

7-13 

597 

71.5 j 

14.2 

10.8 

26.2 

177 ' 1 

20.8 

14.5 

I 3 ~I 9 

41.3 

64.0 I 

154 

97 

43.3 

^ 27.3 ^ 

23.5 

17.3 


A Study of columns 2 and 5 in Table 2 shows that there is ho con- 
sistent difference between calcium carbonate contents of slick spots 
and normal soils. In the third depth of fields i and 2, the slick spots 
contained a much greater percentage of calcium carbonate than the 
normal soils, but there was no difference in the other two depths. In 
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field 3 the slick spots contained a higher percentage of calcium 
carbonate in all three depths while the reverse was true for field 4. 

Table 2 --Calcium carhanate content, percentage of particles less than 0.005 
by the Engle and Yoder method, and the sum of the percentages of calcium 
carbonate and carbonate-free particles less than 0.005 mm for slick 
spots and norinal soils from four fields. 



Nontial soil 

vSlick spots 




Carbon- 



Carlion- 



<0.005 

ate-free 


<0.005 

ate-free 

['>c|ith. 


mm 

particles 

Caleimn 

rnni 

paT’ticles 

inda^s 

c.'jrl (onate, 

(Enele & 

<0.005 

carbonate, 

(Eiiyle & 

<0.005 


€/ 

/O 

V Oder) , 

mm ' heal- 

07 

70 

Yoder), 

nm’H'caL 



' % 

cium car- 


% 

, 

ciuni ear- 




bonate, % 


bonate, % 




Field I 




«>--3 

14.0 

3L4 

34.1 

14.7 

32.9 

32.1 

, - 

17.6 

35.1 

3h.3 

17.8 

37.S 

34-8 

10 "id. . . 

27.2 

46.8 

46.5 

45-9 

67-3 

60.2 




Field 2 




0-6 


29.4 

29.1 


29.2 

29.1 

6 ■9. . . . 

0,3 1 

29*9 

1 29, 3. 

0.4 

42.9 

1 40.4 

9 ^5- • ■ 

0.3 1 

50.7 

: 49.7 , 1 

9.6 

43-9 

j 46.8 




Field 3 





0.9 

15-9 

; 18.2 1 

1.8 

20.1 

20.9 


L9 

1 14.4 

1 1S.2 

1 1.7 

40.7 

37-B 

15-22- . - • 

17.2 

1 33.9 

i .18.7 

18.2 

52.7 

45.6 




Field 4 




0--7. . . 

6.0 

21.3 . 

23.9 i 

4.1 

1 15-3 

18.9 

7 Li 

9.7 

26.2 

30.5 

4.9 

17.7 

19.5 

13 TO 

1 8. 1 

43.3 

41.6 

T2.8 

1 27.3 

3«*3 


The data of columns 3, 4, 6, and 7 in Table 2 show the sum. of the 
|)ercentage>s of carbonate-free particles less than 0.005 to be ap- 
proximately equal to the percentage of particles less than 0.005 mm as 
detc-rmiiied l:)y the method of Engle and Yoder. Apparently the car- 
bonat:e exists in these soils largely in a finely divided state. 

EXCHANGEABLE BASES AND BASE EXCHANGE CAPACITY 

The procedure used in studying the base exchange characteristics 
of slick spots was essential ly the same as that developed by Magistad 
and Burgess (9) for calcareous soils, except the several leaebings and 
washings were performed by the method described by Russel (12). 

The first leaching to remove soluble salts was made with 500 cc of 50 Tr. rnethyl 
alcohol. The second leacliiiig to remove the exchangeable bases was made with 
5oc^ cc of 0.1 normal barium chloride in 90% methyl alcohol . The third leaching 
to Suit urate with ammonium ions for base exchange capacity was made with 250 
ec neutral normal ammonium acetate. The excess ammonium salts was I'emoved 
with 250 cc of 50% methyl alcohoL Excess barium in the leachate was precipi- 
tated by 3 N potassium chromate from a warm sohition. Calcium was precipi- 
lisl tatiui as the oxalate and determined volurnetrically by jjotassium permanganate 
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titration. Magnesium was determined gravimetrically as the pyrophosphate. 
Replaced ammonium was determined by distillation from Kjeldahl flasks, using 
calcium oxide as the displacing base. Replaceable sodium and potassium® were 
not determined directly but were computed collectively as the difference between 
the base exchange capacity and the sum of the exchangeable calcium and mag- 
nesium. The pH of the soils was determined by the Coleman pH Electrometer. 

The data prCvSented in Table 3 show that the slick spots are higher 
in exchangeable sodium and potassium ^ than their corresponding 
normal soils. There are, however, variations in the base exchange 
properties of slick spots and normal soils from the different fields 
studied. The slick spot of field i has a very low content of exchange- 
able sodium and potassium in the first layer, but the two lower layers 
are relatively high. In contrast, the slick spots of fields 2, 3, and 4 
have a high content of exchangeable sodium and potassium in the 
three depths studied. The normal soils differ even more.^ In field i 
the normal soil has no exchangeable sodium and potassium in the 
surface depth, but it has an appreciable quantity in the lower depth. 
The normal soil of field 4 has a low content of exchangeable sodium 

Table 3. — Exchange capacity, exchangeable calcium, magnesium, and sodium 
and potassium of slick spots and normal soils from four fields. 


Depth, 

inches 


Exchange 
capacity, 
AI.E. /loo 
grams 

Exchangeable 
Ca, M.E./ioo 
grams 

. 

Exchangeable 
Mg, M.E. /loo 
grams 

Exchangeable 
NaH-K (by dif- 
ference), M.E./ 
lOG grams 

Normal | Slick 

Normal .| Slick 

Normal | Slick 

Normal 

Slick 

13-68 i,V33 

14.43 15.40 

16.10 14.80 

Field I 

m.27 9*55 

8.83 6;25 

6.70 4.52 

3*90 3-57 

3.66 4.32 

4.93 2,29 i 

0.00 
1-94 
4.47 ! 

0.21 

4.87 

7.99 


0-3.. 

3~io. 

10-16. 


Field 2 


0-6 

: 17.70 ; 

16.60 i 

5-63 1 

4*03 

6-55 

5‘32 

5-52 

6-p... .... 

i 16.50 

22.30 

4-33 ^ 

3-49 

7.10 

7.79 

5-07 

9-15. . . . . . 

1 31-53 

20,92 

10.70 ! 

4.80 

12.75 

7.68 

8.08 


Field 3 


0-8. . 
8-15. 
15-22. 


14.67 

15.64 

7*70 

7.29 

1.96 

1.28 

5.01 

12.35 

17.92 

5.58 

3.99 

r.96 

0.91 

4.81 

17.12 

23.17 : 

9.61 

4.19 

4.23 

1 .06 

3.28 


7-25 

11.02 

8.44 


7.07 

13.02 

17.92 


Field 4 


0-7 

13.89 

13.11 

10.14 

5.31 

1*33 

1.57 

: 2.42 ' 

6.23 

7 “i 3 

12.52 

n.51 

10.37 

1.67 

1.59 

1 .06 

0.56 

8.78 

I. '^“19 

15.21 

13.07 

1 1. 14 

1-35 1 

2.86 

2.14 

X.21 

9-58 


®The authors recognize the desirability of methods for the direct determinations 
of sodium and potassium. However, it has been the experience of the authors that 
the direct determinations of sodium and potassium displaced by a barium chloride 
solution are subject to considerable error. On the other hand, satisfactory de- 
teminations of calcium and magnesium may be made. Therefore, the computa- 
tion of sodium and potassium by difference may be expected to be about as 
accurate as their direct determination. 



and potassium in the 1111*06 depths while fields 2 and 3 are relatively 
high in the three depths. Field 2 differs from the others in that the 
soils are higher in exchangeable magnesium, than in exchangeable 
calcium. 

Data on the degree of saturation of the exchange complex by 
sodium and potassium together with pH determinations and calcium 
carbonate contents are shown in Table 4. There appears to be a fairly 
close relationship between the pH of the slick spots and normal soils 
and, their respective percentages of exchangeable monovalent ions 
and calcium carbonate. Minimum pH values of 7.6 to 7.9 occur in 
the layers of normal soils which contain 6% or less of calcium car- 
bonate and where the degrees of saturation with exchangeable sodium 
and potassiiim range between 15 and 35%. Maximum pH values of 
9.3 to 9.7 occur in layers of the slick spots which contain 5 to 45% 
caleiuin carbonate and where the degrees of saturation with ex- 
changeable sodium and potassium are greater than 50%. In the pH 
range of 8.0 to 8.4 there are two groups of conditions. The soils in one 
group contain 10 to 20% calcium carbonate, but the saturation with 
exchangeable sodium and potassium is less than 20%. The soils of 
the other group contain less than 4% calcium cai*bonate, but the 
saturation with exchangeable sodium and potassium is between 40 
and 50%. Four soil layers have pH values between 8.5 and 9.2. Two 
of these having pH values of 9.0 and 9.1 contain appreciable qtianti- 
ties of calcium carl)onate with 28 and 40% saturation with sodium 
and potassium. According to their contents of calcium carbonate and 
exchangeable sodium and potassium, the other two soils having pH 
valiies of 8.6 and 8.8 *would be expected to have pH values of approxi- 

Table ^.—Percentage saturation with sodiutn and poiassimn, pH, and percent- 
age. calcium curhonate of slick spots and normal soils from four fields. 


Depth, 

inches 


Saturation with 
Na4~K, % 

pH 

Normal | Slick i 

Normal | Slick 


Calcium carbonate, 
% 


Normal 


■ 0:-3. . 

10 16 


0,0 

13.4 

27.8 


1.6 

304 

54.0 


Field I 

8.4 
8.6 
9.0 

Field 2 


14.0 
1 7.6 
27.2 ■ 


Slick 


14.7 

17.8 

45.9 


0-6 . ..... . . . 

■' '302 

1 . 44.7 - 

■ 1 

8.4 

" V 3 

6-9.... ...... 

■ 30-7 ' 

49.4, 

: 7 * 9 , ': ! 

8.8 , 

C .3 

9-15 • . 

35*6 ■ . 

1 ■ 4 C- 3 ' 

1- 

9.1 

0.3 


Field 3 


0-8 

34‘2 


7>7' : 

: 8.4 

0.9 

8-15 

.48.9 

72,7 ■. 


■■■ 9.5. 

1,9 

e:'-'-'.'- ^ I5-22 .-. . ... .! 

19,2 

■■ 77‘4 e ■ 

r ' . . ■■ 

r: ;q -3 ' f 

17,2 


1.8 
II . 7 
18,2 


Field 4 


c- 7 - ; 

.'ft 7*4 i 

' ' 47.5 ;-:' j 

I • . 7 .’ 6 '. 


: ^ 6 . 0 ^ 


7-13 

4^5 

7 (>-i 

1. ' 8.0 

■ . 9.4 ■ 


4.9 

13-19. . . . . . . . .! 

'.B.o:/ ' 

.. : 7 . 4.3 ' . ! 

1 'B. 3 : ' 

■v 9*7 : 
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raately 8.4. However, small discrepancies may be due to a difference 
in the ratio of sodium to potassium as well as to errors in the pH 
determinations. 

DISCUSvSION 

Slick spots vary so much in their adaptability for plant growth and 
in other characteiistics that it is difficult to select any one factor as 
being responsible for their poor condition. The results reported in this 
paper indicate that the poor physical condition of slick spots is^ due 
mainly to the presence of exchangeable sodium and potassiuni. 
Obvservations of physical characteristics and other properties both in 
the field and laboratory make it logical to assume that sodium is 
largely responsible. In the field it was noticed that certain layers in 
slick spots containing large quantities of calcium carbonate and sand 
were extremely hard and impervious to water. It was found that the 
clay from these layers was highly saturated with monovalent ions. 
Apparent!}^ the mixture of dispersed clay, calcium carbonate, and 
sand resulted in the formation of a concrete-like mass. In comparison, 
those layers that contained clay highly saturated with exchangeable 
monovalent ions but with low quantities of calcium carbonate did 
not ai'jpear so deUvSe and refractory. Those layers in the normal soil 
that contained large quantities of calcium carbonate and a high 
degree of saturation of the clay with calcium and magnesium w^ere 
not impervious. The influence of calcium carbonate on the physical 
properties of the soil appears to depend upon the exchangeable ions 
associated with the clay. Of course the amount of clay present would 
also affect the physical condition of the soil. 

The inability of plants to grow normally in slick spots may be due 
to the physical nature of the soil and to the high pH. It has been ob- 
served many times that plants growing on these spots wilt very soon 
after an irrigation while the plants growing on the normal soils have 
sufficient water for optimum growth. The irrigation water does not 
penetrate the slick spots readily even when the soil is in a loosened 
condition. The first addition of water puddles and compacts the soil 
so that water penetration is limited to a few inches. This puddled and 
compacted soil offers a poor physical medium for the growth of plants 
because of the low water supply and the poor aeration. In addition 
the slick .spots have such a high pH that plants may be unable to 
absorb nutrients. Breazeale and McGeorge (i) have showm that plants 
are unable to absorb phosphate or nitrate ions readily at a pH above 
7.6. In the calcareous slick spots phosphorus and iron compounds ai'e 
relatively insoluble. The lack of available calcium may be serious in 
non-calcareous slick spots. Ratner (ii) suggested that the death of 
plants in soils high in exchangeable sodium may be due to the break- 
ing down of the calcium regime. Plants would be expected to obtain 
sufficient calcium in the calcareous slick spots, but some plants may 
be unable to utilize calcium at a high pH. 

SUMMARY ■ 

Mechanical analysis, carbonates, pH, exchange capacity, exchange- 
able calcium, exchangeable magnesium, exchangeable sodium and 
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potassiuin, and percentage of saturation with sodium and potassium 
are reported for slick spots and normal soils from four fields in the 
North Platte and Platte valleys of Nebraska. The data may be sum- 
inari2;ed as follows; 

1. There was no consistent difference found between the calcium 
carbonate content of the percentage of particles less than 0,005 

of slick spots and normal soils. In the meclianical analysis procedure 
of Engle and Yoder (4) most of the calcium carbonate was analyzed 
in the separate less than 0.005 mm. 

2. The slick spots were consistently higher than the normal soils 
in percentage of saturation with sodium and potassium. The poor 
physical properties of the slick spots was attributed to the liiglier 
content of exchangeable sodium and potassium. 

5. A close relationship is shown between the pH of the slick sjiots 
and normal soils and their respective percentages of exchangeable 
raonovalent ions and calcimn caAoiiate. 
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A COMPARISON BETWEEN YIELDS CALCULATED FROM 
THE GRAIN-STRAW RATIO AND THOSE CALCULATED 
FROM SMALL CUT-OUT AREAS^ 

J. F. Davis^ 

I N order to insure a valid interpretation of field plat data the value 
of correct statistical analysis of the results is practically uni- 
versally recognized. With the use of statistical methods requiring 
more replicates the number of field plats is materially increased and 
the labor involved in the care of these extra plats is con*espondingly 
greater. Therefore, any means that results in a saving of time and 
which does not lessen the accuracy of the data obtained would be a 
very desirable addition in field work operations. 

In a recent paper a plan was suggested in which the yields of 
experimental plats can be accurately determined^ from the grain- 
straw ratio.^ If plat yields determined from the grain-straw ratio are 
sufficiently reliable, the hand, labor involved in cutting out small 
areas in the plat can be eliminated, thus materially facilitating har- 
vesting operations. This proposed method of plat yield determination 
would apply primarily to plats with sufficient area so that a binder 
can be used in harvesting. Plats with an area of 1/30 acre can be 
harvested in this way. Also, this size of plat is large enough to allow 
for the discarding of a portion of the crop to eliminate border effects. 
In order to simulate field conditions and farming practices as closely 
as possible in carrying out an experiment, a program that allows for 
that size and shape of plat which makes practical the use of ordinarjr 
machinery is very desirable. The relationship of fertilizer placement 
to growth response of a crop makes it extremely important that re- 
sults secured from an experiment carried out under one set of con- 
ditions are not allowed to refer to similar work carried out under 
different conditions. For example, in fertilizer studies with small 
grains it is illogical to assume that fertilizer applied broadcast over a 
plat is necessarily going to produce the same response as it would if 
applied with a grain drill with fertilizer attachment, the usual method 
employed by Michigan farmers. It would appear, then, in this par- 
ticular case that the plat should be large enough to allow the use of a 
grain drill. However, this increases the area and requires more labor. 
Past experience has shown that one of the most important limiting 
factors in small grain fertilizer experiments is the labor involved at 

^ Contribution from the Soils Section of the Michigan Agricultural Experiment 
Station, Michigan State College, East Lansing, Mich. A portion of a thesis sub- 
mitted to the faculty of Michigan State College in partial fulfilment for the degree 
of master of science. Authorized for publication by the Director as Journal 
Article No. 352 n.s. of the Michigan Experiment Station. Received for publication 
July 5, 1939 - 

^Assistant in Soils. The writer is indebted to Professor W. D. Baten for assist- 
ance in the preparation of this manuscript. 

q3AVis, J. F., and Cook, R. L. A comparison between actual plat yields and 
those calculated from grain-straw ratios. Proc. Soil Sci. Soc. Amer., i:265--268. 

1937. 

^The term grain-straw ratio refers to the relationship existing between the grain 
weight and the weight of the unthreshed bundles. 


DAVIS : THE GRAIN-STRAW RATIO S3 3 

harvesting time. It is for this type of work that determining plat 
yields with a minimum of work would prove advantageous in the 
field wmrk program. 

Any method then that reduces the hand labor involved and at the 
same time is sufficiently accurate to give dependable results, is very 
desirable. In this paper a comparison between yields calculated by 
this method and yields secured, by the usual method of cutting out 
small areas from the plat will be made in order to determine which 
method gives results most comparable to those obtained from thresh- 
ing the entire plat. 

PROCEDURE 

Tlie comparisons between the different methods of harvest were made on a 
series of 16 oat plats. These plats were 14 by 150 feet in sijse, consisting of 22 
rows 7 inches in width, representing one round with an ii-disc grain drill, the 
tyxie extensivel}" used in tlie planting of field plats at the Michigan Experiment 
Station, Six areas, 6 rows by 16 feet, were cut out of each plat with a hand 
sickle and each area was labeled to denote the order in which the areas were cut. 
Since from the appeaniiice of the plats very little difference could be observed 
in the growth of grain in different portions of an individual plat, the cut-out areas 
were taken alternatelv from either side of the plat. This constituted a total area 
of 6 rows by 99 feet that was cut out of each plat with the hand sickle. The ends of 
each plat were cut off with the binder, thus leaving approximately 135 feet to be 
harvested from the original 150 foot plat. 

After the cut-out areas were removed and the bundles tied and labeled, the 
remainder of the plat was cut with the binder. The area cut off the end of each 
plat allowed for sufficient space for the binder to clean out between any two plats 
in adjoiiiing blocks. The bundles from each plat were shocked on the i-)lat and 
when dry w-ere weighed and threshed. During the threshing operations five 
bundles w^ere selected at random and threshed individually as were the areas 
cut out with the hand sickle. All the bundles from the plat were then threshed 
to get the actual yield of each plat. Yields based on one, two, three, four, five, and 
vsix ent-out area’s were then computed for each plat. In additioig yields for each 
|:)lat were calculated from the grain-straw ratio.s and the total bundk; weights. 
Tins was done for one, two, three, four, and five bundles selected at threshing 
time. , . 

From the six “cut-out” areas one area was selected at random from each plat 
and a comparison made between the results thus obtained and those obtained 
from the systematically selected ai'eas. Prom the data, correlation coefficients, 
corresponding “Z“ values, the lines of best fit, standard errors of estimate, and 
the standard exTors of estimate from the line Y were calculated. 

DISCUvSSION 

CORRELATION COEFFICIENTS 

The correlation coefficients obtained in the study are recorded in 
Table i. The correlation coefficients represent the relationship be- 
tween yields calculated by the various methods used in harvesting 
and the yields secured from threshing the entire plat. The correlation 
coefficients in each case were found to be significant and ranged from 
.7500 for the low-yielding cut-out area to ,9635 for the comparison 


834 JOURNAL OF THE AMERICAN SOCIETY OP AGRONOMY 

between the actual plat yield and the yield calculated fi'om five 
threshed bundles. 


l . —"Correlation coefficmits, correspondmg Z values, and mean differences 
of Z values of five bundles threshed and other methods of harvest. 


Methods of harvest 

r* 


M.ean difference 

5 bundles thi’e.shed 

4 bundles threshed 

.9635 

.9632 

1-9935 

1.9894 

.0041 d::. 3922 

3 bundles threshed 

•9456 

1-78,57 

.2078d:.3922 

2 bundles threshed 

.9203 

1.5910 

.4025 ±.3922 

1 bundle threshed , , 

.9018 

1.4819 

.5il6db.3922 

6 areas threshed 

.8462 

1.2429 

.7.5 o 6±.3922 

3 areas threshed 

.8487 

1.2516 

.74I9±.3922 

4 areas threshed ........... 

•8336 

1.2000 

-7935±-.3922 

3 areas threshed 

-«773 

1.3642 

.62g3±.3922 

2 areas threshed 

.7819 

1.0503 

.9432 ±.3922 

r area threshed 

■ 7500 

.9730 

1. 0205 ±.3922 


'’’Tliti 5% point =^.6226. 


By examining Fisher’s Table V.A. (page 212),'' it is found that all 
the correlation coefficients are significant. It can readily be noted that 
the correlation coefficients for the one-, two-, three-, four-, and 
five-bundle comparisons were considerably higher than any of the 
coefficients from the cut-out area comparisons. The inference, then, 
is that yields obtained from weight relationships more nearly ap- 
proach the actual plat yields than do yields based on area relation- 
ships. However, due to the small number of comparisons available, 
the “r” values were changed to “Z” values in order that a more nearly 
correct evaluation of the data could be made. 

VALUE OF Z 

The magnitudes, of the Z values bring out more clearly the differ- 
ences existing between the various methods of harvest. However, 
the only significant differences in the “Z” values are in the compari- 
sons bet'ween one and two cut-out areas and the five bundles selected 
at harvest time. The difference between the “Z” value for the four 
cut-out areas and that from, the five bundles closely approaches 
significance. It should be mentioned here that the standard error of a 
‘‘Z” value is calculated as the reciprocal of the square root of a num- 
ber three less than the number of items. It can easily be seen, then, 
that with a “Z” value calculated from data in which the number of 
items is necessarily limited the corresponding standard error is rela- 
tively large as compared to a similar “Z” value obtained from a large 
number of items. In previous work, it was found that '‘Z’- values 
obtained from similar data but with more replicates showed signifi- 
cant differences. It seems logical to assume that significant differ- 
ences w^ould actually exist between yields based on five and six cut- 
out areas and yields secured from the weight relationship of five 
bundles and the entire plat. 

fiPiSHEE, R. A. Statistical Methods for Research Workers. Edinburgh: Oliver 
& Boyd. Ed. 6. 1936. 

^'See footnote 3. 
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REGRESSION LINES 

The regression lines recorded in Table 2 are derived from the re- 
lationship existing between actual plat yields and yields estimated 
from the various harvesting methods. Tdiese lines point out very 
clearly the comparative degree of closeness of fit to the line Y -X, a 
line denoting unit changes in X and Y values. The fact that the re- 
gression lines secured from the weight relationships are very close to 
the line Y = X and in the case of the “three bundle” method of harvest 
practically coincident with it and in contrast all regression lines se- 
cured from the area methods of harvest are ratlier widely divergent 
from the line Y -X, show the superiority of a weight relationship 
method oi harvest. Figs, x and 2 further illustrate the fact that the 
weight relationship method of harvest gives yields nearer to actual 
plat yields than does the area method. 



Y/££/?S 

Fig. 1. — A comparison of the regression line and the line Y =X estimated 
from bundle yields. 
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give yields that compare more closely to actual yields than do yields 
secured from the area methods of harvest. When the }delds are esti- 
mated from five bundles the standard error of estimate is 2.36 bushels. 
As the number of bundles threshed decreases the standard error of 
estimate consistently increases to 3.82 bushels for yields based on one 
bundle. The standard errors of estimate for the area methods are 
greater, ranging from 4.70 bushels for six “cut-out” areas to 5.832 
bushels for one “cut-out” area. It should be noted the error for six 
“cut-out” areas is approximately 0.9 bushel greater than for one bun- 
dle. Two advantages, then, are found in favor of cutting the grain 
with the binder. Not only do the yields conform more closely to the 
actual plat yields, but the amount of labor involved in harvesting is 
also materially lessened. ^ 

A more logical comparison can be made if errors are calculated 
from the line Y -X since this line represents perfect agreement with 
actual plat yields. When these errors are calculated it serves to ac- 
centuate the differences between the harvesting methods. For the 
“bundle” method of harvest this value varies from 2.40 bushels to 
3.92 bushels and for the area methods from 7.63 bushels to 9.40 
bushels, showing again the superiority of the bundle method of har- 
vest over the area method. Referring to the “Z” values and the “t” 
values in Tal:)le 3, calculated to show the significant differences be- 
tween the standard errors both from the lines of best fit and the line 
Y = X, it is found in all cases at the 5% point that the yields based 
on five threshed bundles are significantly better than yields based on 
one bundle threshed or any yields calculated from small cut-out areas. 
Also, the yields from the five threshed bundles are significantly differ- 
ent than any yields secured from area methods of harvest at the 1% 
point, indicating again that yields estimated from weight relation- 


Table values and t mines for differences between standard errors of 

estimate and Z values for differences between errors from the Iwc Y-X of 
five threshed bundles and other methods of harvest. 


, 

Metitod of harvest 

Z valtie for er- 
rors of the line 
Y-X* 

Z values of 
standard error.s 
of estimate 

t values of 
standard eirors 
of estimate.st 

4 bimdles threshed . ....... 

.004 

.005 

..03:1. 

3 bundles threshed 

.168 

.195. ■ 

: 1.092 

2 bundles threshed 

.387 

, ■ ■ .380 . 

1.133 

1 bundle threshed 

.490 

■ .480 ■ ■ ■ 

■■ ■ 3..588 ■ 

6 areas tTjteshcd 

1.156 

■ ■' .689 

' 3 . 55 I 

5 areas tlifeshed * . 

1 .168 

.680 

3-516 

4 areas threshed 

1.269 

.707 

1 3.624 

3 areas threshed ' 

1.1,85 

•583 

3.076 

2 areas threshed , 

1.236 

■■ .^45 ■ . ' 1 

4.178 

r area threshed ........... 

1.365 


4 .. 5.53 


(5% point) .459 
Z (1% point) .659 
t (5% point) 2.048 
t (i% point) 2,763 
iy T ■ g y of treatment compared) 

' 3 (cf 0 of line Y of s bundles threshed )' 

The t values were calculated from the following formula*, t *= S This formula was de- 

7 2N 

rived by Professor W. D. Baten, who has not yet published his findings. 
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ships are closer to the actual yields than when the yields are secured 
from “cut-out” areas. No significant differences were found between 
yields based on five threshed bundles and yields obtained from four, 
three, or two threshed bundles, indicating that probably yields based 
on two or three threshed bundles are nearly as reliable as those se- 
cured from five bundles. 

Likewise, according to these data, increasing the number of “cut- 
out” areas would not materially increase the reliability of the results 
if yields are to be calculated from small areas cut out by hand. It is 
also very interesting to note that the “Z” test and the “t” test for the 
comparisons of the standard errors of estimate between the results 
from five bundles threshed and other methods of harvest show the 
same degree of significance in every case. The differences that are 
significant at the 5% point and the 1% point for the “Z” values are 
also significant according to the test applied. 

The main question to be considered in any work dealing with a 
comparison of methods is whether in using one method the estimated 
resultvS vary far enough from the actual yields of the plats to give 
erroneous conclusions. For this reason Table 4 is presented. 

An examination of Table 4 is quite convincing as to closer associa- 
tion of I'esults with the actual when these results are estimated from 
weight relationships rather than from area relationships. The argu- 
ment is often made that comparative results between treatments are 
all that is required and the true yield of any plat is not essential pro- 
viding the method of taking yields is essentially the same for all plats. 
The data indicate, however, that in order to get comparable results 
from a series of treatments a great deal of dependence would have to 
be placed upon compensating errors in order to arrive at results that 
would give this comparison between treatments if small “cut-out” 
areas are used. The significance of the results in Table 4 is demon- 
strated in the consideration of the magnitude of the errors from the 
line Y==X of the various harvesting methods. As previously stated, 
the larger this error becomes the more divergent the calculated plat 
yields are from the actual plat yields. This point has previously been 
discussed. 

An examination of Table 5 indicated that the statistical constants- 
obtained from a random area do not differ materially from the corre- 
sponding constants secured from a systematically selected area. In no 
case does a significant difference exist between constants derived 
from either method. 

CONCLUSIONS 

Yields obtained on three types of haiWesting methods were secured 
from a series of oat plats. In the first method the entire plat was cut 
and threshed; in the second, yields were calculated from small areas 
cut-out with a hand sickle; while in the third, yields were obtained 
from the grain-straw ratio in a portion of the plat and the bundle 
weight of the entire plat. 

Higher values for “r” and “Z” were obtained when actual plat 
yields were compared to yields calculated from weight relationships 
than from area relationships. 





^SiflW 
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Table 5. — Comparison of results secured from one area selected at random and 
one area selected systematically. 


Statistical constant 

Random 

selection 

Systematic 

selection 

r 

.7230 

.7500 

Z 

•9139 

•9730 

Mean difference, Z 

1.0796^.3922 

1. 0205 ±.3922 

Regres.sion line 

y = .587x+2i.73 

y = .6iox+i9.37 

Standard error of estimate 

5-885 

5-832 

Error of estimate from line Y = X 

8.77 

9.402 

Difference in Z values from five bundles 
threshed and one area threshed 

•948 

.904 


The regression lines obtained from the weight relationships com- 
pared more closely in all cases to the line Y==X than did the regres- 
sion lines obtained from the area methods of calculating yields. 

The standard errors of estimate and the errors of estimate from the 
line Y — X varied significantly between all area methods and the 
method in which the weight relationship of five bundles to the total 
grain and straw weight of the entire plat was used. The errors for the 
yields based on one bundle were significantly greater than the errors 
for yields based on five bundles. The magnitude of the errors in every 
case was considerably lower when yields were calculated from weight 
relationships than from the area methods. 

The calculated yields varied progressively from the actual plat 
yield with the decrease in the number of bundles weighed and with 
the number of areas cut, but the yields from one bunSe were closer 
to the actual plat yields than when yields were based on six areas. 

Prom the data presented, it would appear that three bundles 
weighed from a plat of this particular size would give a very accurate 
estimate of the plat yields and would be the recommended number to 
use in yield estimation. 

A harvested area as small as i ,000 square feet has been satisfactorily 
taken care of by this method. 

When compared to the method of cutting out small areas, the grain- 
straw ratio method of harvest has the advantage of being more ac- 
curate and more efficient in the use of labor. An experiment consisting 
of 108 plats of oats was harvested in 4)^ hours. Four men were re- 
quired to do the work, two of the men were required to run the binder 
since the tractor did not have a power take-off. The amount of hand 
labor involved is materially lessened since the grain is cut with the 
binder. 



THE DECOMPOSITION OF ORGANIC MATTER IN SOILS 
AT DIFFERENT INITIAL 

R. S. Dyal, F. B. Smith, and R. V. Allison-^ 

O NE of the most important environmental conditions influencing 
the activities of soil micro-organisms is the hydrogen-ion con- 
centration of the soil. It affects not only the rates of many of the 
physiological processes, the rates of growth and respiration, but also 
the types of organisms developing. The anion or the midissociated 
molecule of certain acids may be as effective as the hydrogen ion in 
increasing or decreasing microbiological action. However, there is 
considerable evidence which indicates that the beneficial effect of 
applications of lime to acid soils is due largely to the change in reac- 
tion brought about. 

Numerous investigators have reported the effects of hydrogen-ion 
concentration on the growth or metabolic processes and the occur- 
rence of specific organisms. Johnson (3)® in a study of the relation- 
ships between hydrogen ion, hydroxyl ion, and salt concentration and 
the growth of seven soil molds, obtained growth over a considerable 
range in pH. Itano (2) in a study of the effect of the initial hydrogen- 
ion concentration on the rate of proteolysis by B, subtilis in a peptone 
meat extract broth found the rate of growth to be most rapid at a pH 
of 6.66 and the rate of ammonia fonnation most rapid at pH 5.42 
after 240 hours. Brooks (i) investigated the effect of hydrogen-ion 
concentration on the production of carbon dioxide by the tubercle 
bacillus and found no change in the production of carbon dioxide 
from pH 4.4 to pH 7.4 but there was a decrease in carbon dioxide 
production above and below these pH values. 

Much of the earlier work in soils along these lines has been con- 
cerned mth the effects of applications of lime on the numbers of 
bacteria or on the action of certain physiological groups. Waksman. 
and Starkey (9) found that additions of lime stimulated the respira- 
tory capacity of the soil and brought about an increase in the num- 
bers of bacteria. Waksman and Heukelekian (8) found no correlation 
between the reaction of the soil and its cellulose decomposing power. 
However, it was explained that the fungi which are active cellulose 
decomposers grow well in acid soils. White, Holben, and Jeffries (10) 
have shown that corn starch was decomposed at about the same rate 
in acid as in alkaline soils, but that cellulose, manure, and cottonseed 
meal were decomposed more rapidly in limed than in acid soils. Lime 
added to acid soils stimulated carbon dioxide production and in- 
creased the numbers of micro-organisms. Smith and Brown (7) in- 
vestigated the influence of substituted cations in the complex of 
Tama silt loam on the rate of decomposition of leguminous green 
manures and found that the Tate of decomposition was least rapid in 

^Contribution from tlie Department of Chemistry and Soils, University of 
Florida, Gainesville, Florida, Received for publication July 26, 1939. 

^Graduate Assistant, Professor of Soils, and Head of Department, respectively. 
^Figures in parenthesis refer to “Literature Cited”, p. 850. 
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the hydrogen saturated soil (pH 5.11) and most rapid in the magne- 
sium soil (pH 6.43). 

While many of the investigations reported give data in terms of 
hydrogen-ion concentration and some are directly related to the de- 
composition of organic matter, few of them were designed to study 
the effect of hydrogen-ion concentration on the decomposition of 
organic matter in soils. The purpose of the work reported here was 
to study the effect of reaction of the soil on the decomposition of 
various green plant materials in Norfolk loamy fine sand. 

METHODvS OF PROCEDURE 

The soils of a series of reaction plats^ of the Department of Chemistry and Soils 
of the Florida Agricultural Experiment Station were employed in this study. 
The treatments and pH of these soils are given in Table i. A 2-quart sample of 
the top soil to a depth of 6 inches was taken from each of the plats Nos. i, 2, 5, 
8, 9, 10, and 12, air-dried, and screened through a 20-mesh sieve. Each soil was 
thoroughly mixed and the pH and water-holding capacity determined. Duplicate 
250-gram portions of the soils were treated in i -liter filter flasks with organic 
matter in four series as follows: Series I, green crotalaria; series II, green natal 
grass; series III, green natal grass and potassium nitrate; and series IV, green 
natal grass. 


Table i.—The treatment, organic matter content and pll of soils of the reaction 

plats. 


Plat No. 

' Treatment in pounds per acre 

pH 

Organic 

matter* 

% 

Material 

1926 

1931 

1935 

1937 

1938 

I 

vSulfur 

1,000 

900 

500 

500 

500 

3-71 

1.20 

2 

Sulfur 

500 

450 

250 

250 

250 

4-59 

1.08 

5 

Limestone 

2,000 

900 

1 ,000 

1,000 

1 ,000 

6,33 

0.86 

8 

Sulfur 

500 

450 

250 

250 

250 

4.26 

1.02 

9 

No treatment 

— 

— 


— ~ 

— 

5.94 

1. 00 

10 

Limestone 

1 ,000 

450 

500 

500 

500 

6.50 

0.94 

12 

! Limestone 

4,000 

1,800 

2,000 j 

2,000 

2 ,000 


1.20 


on ignition. 


The Crotalaria spectabilis was taken from the Florida Agricultural Experiment 
Station farm when the plants were in the early bloom stage. The natal grass 
{Tricholaena rosea) was harvested at two stages of growth. In series II, designated 
as natal grass No. i, the mature grass was used ; and in series HI and IV, desig- 
nated as natal grass 2 and 3, respectively, the younger, vegetative grass was used. 
In series III sufficient potassium niti*ate was added to each soil to make the total 
nitrogen content equal to that in series I where crotalaria was used. 

The green plant materials were ground coarsely in a food chopper and mixed. 
One portion was then dried in an oven at 60° C. When the materials w^ere dry 
they were ground in a Wiley mill and a subsample of each reduced in a Dreef 
pestle mill to pass a 60-mesh sieve. The subsamples were: preserved for later 
analyses. The moisture content of the green plant materials was determined by 
drying in an electric oven for five hours at 110° C. Additions of the moist, green 
materials equal to 1% dry weight were made to the soils. The soil and the plant 

'^Established in 1926 by Dr. 0 . C. Bryan and now under the supervision of 
H. W, Winsor. 
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material were mixed thoroughly and the moisture content of the soils adjusted 
to 50% of the saturation capacity. The soils were incubated at room temperature 
and the carbon dioxide evolved was determined by aspiration with carboti dioxide^ 
free air at regular intervals. 

The apparatus used is shown in Fig. i . A pu'essure pump was used to force air 
and sodium hydroxide into tlie bead tower. Tlie air ami sodium tiydroxide ran 



Fig. I .—Apparatus used to determine carbon dioxide production, 

liown over the beads, freeing the air of carbon dioxide. The carbon ditjxide-free 
air was then taken at atmospherh^ pressure by tlie vacuum from tlie lot) opening 
on the side of the sodium hydroxide bottle. Thins, the back pressure on the gas 
train was reduced to a minimum. The rate of aspiration was regulated at 4 liters 
per 30 minutes by means of raanometei's. The carbon dioxide was absorbed in 
ha N potassium hydroxide. Barium chloride was used to ijjretipilate the rairbon 
dioxide and the excess potassium hydroxide was titrated with standard hydro- 
chloric a<*id, using phenol phthalein as the indicator. 

The exjieriment was discontinued when the amount of cai*bon dioxide jiroduced 
during a given interval was about the same in the different soils. This was 20 
day.s after the beginning of the experiment in .sorie.s I, 28 days in series 31 , and 
20 days in series III and IV. 
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After the carbon dioxide determinations were discontinued, the pH of the soils 
was determined by the quinhy drone electrode, and the moisture content by dry- 
ing in the oven at no® C for 5 hours. 

The nitrification of crotalaria and the nitrification of ammonium sulfate in 
soils treated with natal grass were determined in a series of tumbler experiments. 
Duplicate 200-gram portions of the soils were treated with 4 grams of the finely 
ground plant materials and in the case of natal grass 30 milligrams of nitrogen as 
ammonium sulfate were added in solution. The moisture content of the soils was 
adjusted to 60% and maintained at that amount by frequent additions of dis- 
tilled water. The tumblers were placed in the incubator at room temperature for 
30 days after which the pH and nitrate content of the soils were determined. The 
nitrate nitrogen was determined by the phenoldisulfonic acid method. 

A proximate analysis of the plant materials determining the ether-soluble 
fraction, sugars, starches, bemicellulose, and cellulose was made by a method pro- 
posed by Leukel, et al. (4). The lignin was determined by a modification of the 
Ritter, Seborg, and Mitchel (5) method. The nitrogen was determined by the 
Hibbard modification of the Gunning- Kjeldahl method, distilling the ammonia 
into boric acid as proposed by Scales and Harrison (6). The ash was determined 
by igniting to dull red heat in an electric mufiie furnace. 

RESULTS 

CARBON DIOXIDE PRODUCTION 

The total carbon dioxide production during the period of 20 days 
in soils treated with the green plant materials is shown in Fig. 2. 

The data show that the amounts of carbon dioxide produced in the 
soils treated with crotalaria at pH values 3.71, 4,26, and 4.59 were of 
about the same magnitude and averaged slightly less than that of the 
soils at the higher pH values. The average difference in total carbon 
dioxide production in the two groups of soils was not great during the 
first few days of the experiment. However, after about four days there 
was a larger difference, indicating a somewhat more rapid decomposi- 
tion of the crotalaria in the soils of a higher pH value. The pH values 
of the soils before and after treatment with crotalaria and incubation 
are presented in Table 2. 

The pH of the soils treated with the crotalaria increased in every 
case, except in the soils at pH of 5.94, 6.50, and 7.05 in which cases 
there were slight decreases in pH. All of the untreated soils decreased 
in pH during the experiment, except the soil at pH 3.71 which in- 
creased to pH 3.76, 

The decomposition of the mature natal grass increased with an in- 
crease in the pH of the soil from a pH of 3.71 to a pH of 6.50. The 
amount of decomposition of this material in the soil at pH 7-05 was 
slightly less than that in the soils at pH 6.33 and 6,50 but consider- 
ably greater than that in the soils at pH' 5.94 or below. The amount 
of carbon dioxide produced in the soils at pH 4.59 or below was con- 
siderably less than the amount produced in the soils at pH 5.94 or 
above. 

The pH of the soils treated with natal grass No. i increased in 
every case, except in the soil at pH 5.94 where it decreased to pH 
5.75 (Table 2), The untreated soils in series II decreased in pH in 
every case. 
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The largest total production of carbon dioxide in the soils treated 
with natal grass and potassium nitrate was obtained in the soil at 
pH 7.05. The smallest total production of carbon dioxide and the 
least decomposition was obtained in the soils at pH 3.71. The rate of 




The pH of soils before and after inciibafiofi. 
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L, soils treated with plant material; b, untreated soils. 
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The amount of decomposition of natal grass No. 3 increascfl with 
an increase in pH of the soil from pH 3.71 to pH 7.05. The average 
total decomposition at pH 3.71 to pH 4.59 was considerably less than 
the average decomposition in the soils at pH 5.94 to 7.05. 

NITIUFICATION 

The results of the nitrification experiments are presented in Table 
3. The nitrate content of the untreated soils was relatively small in 
all cases but largest in the soil of pH 5.94 and smallest in the soil of 
pH 3.71. The nitrate content of the crotal aria-treated soils was higher 
at all pH values than that of any other treated soils, except that of the 
soil of pH 3.7X treated with natal grass and ammonium sulfate. The 
nitrification of crotalaria was considerably reduced in the soils of pH 
3.71, 4.26, and 4.59. This was no doubt caused by the harmful effect 
of the acidity on the nitrifying organisms and, no doubt at least 
partly, by the types or kinds of micro-organisms decomposing the 
crotalaria in these soils. The maximum nitrification of the crotalaria 
was obtained in the soils of pH 6.33. The next largest nitrification of 
crotalaria was obtained in the soils of pH 5.94. In general, the nitri- 
fication of crotalaria was fairly high in all soils of pH 5.94 to 7.05 and 
relatively low in the soils of pH 3.71 to pH 4.59. 


Table ^--The ejjeci of crotalaria and natal grass on nitrificatum in Norfolk 
loamy fine sand at different pH values, p.p,m. of nitrate nitrogen. 


A? 

soil 

Cbeok j 

Crotalaria 

Natal 
grass 1 
■ No., I ' ^ 

Natal grass 
No. I T30 
nigm. N as 
(NEfiSO, 

Natal 

grass 

No. 2 

Natal grass 
No. 2+30 
nigm. N as 
(NHP.SO, 

.^.71 

Trace 1 

■ Trace 

■' .'0 

0 \ 

■ ■ 0 

6.76 

4.26 

344 i 

26.68 

0 , .| 

■ '«■ . ' 

0 

* ■ ' 5*23 : ■ 

4*.59 

4,06 i 

24.53 : 

0 j 

Trace 

Trace 

' 5*30 

5.94 

4.22 ; 

80.52 , 1 

' ' ! 

Trace 

Trac:e 

i- 6.00 

6.3.^ 

3 ‘S 2 j 

I00.<,)0 ■ ! 

0 ■ , 

. , 28.56 ' 

Trace 

4 r .30 

9.50 

2.66 

f' 5-97 ! 

6 

3.68 

3.80 

1 21,50 ■ 


2.H5 ^ 

■ 66.63. 

■ 0 . 

18.02 

Trace 




d'he soils treatenl with natal grass No. i wdth out additions of am- 
monium .sulfate contained no nitrate. This was probaldy causc'd l:)y tlu^ 
organisms utilizing all of the available nitrogen in the deconi position 
of the natal grass. 

The soils treated with natal grass No. i plus 30 milligrams of 
nitrogen as ammonium sulfate contained no iiitrates at pH 3.7.1 and 
4.26 and the .soils of pH 4.59 and 5.94 contained only a trace of nitrate 
nitrogen. The treated soil at pH 6.33 contained the largest amount 
of iiitrate nitrogen of any soil in this series. The low nitrate content 
of the soils of pH below 6.33 may be explained by the kind of micro- 
organisms, the type of organic matter, and the acid condition of the 
soils. 

The soils ti^eated with natal grass No. 2 contained no nitrates at 
pH 3.71 and 4.26. All of the other treated soils contained only a trace 
of nitrates, except the soils at pH 6.50 which contained only 3.80 
p.p.m. 
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All of the soils treated with natal grass^ No. 2 plus an addition of 
nitrogen as ammonium sulfate contained nitrates. The nitrificatioil of 
ammonium sulfate in these soils was considerably less at pH values 
below 5.94 than at pH values of 6.33 to 7.05, the largest nitrification 
occurring in the soil at pH 6.33. These data seem to indicate a different 
type of decomposition and certainly different rates of decornposition 
at pH values of 5.94 or below from that obtained at the higher pH 
values. The pH of the soils in the nitrification experiments is presented 
in Table 2. 

The data show that the pH of the soils treated with crotalaria was 
not changed as much as the pH of the soils treated with natal grass 
and ammonium sulfate. Apparently these changes in the pH of the 
soils during nitrification were caused by the nitric acid produced and 
in the case of the ammonium sulfate treated soil also to the residual 
sulfuric acid that developed during the process. In general, the great- 
est change in pH occurred in the soils in which nitrification was most 
pronounced. 

ANALYSES OF PLANT MATERIALS 

The analyses of the crotalaria and the natal gmss used in these 
experiments are given in Table 4. All three plant materials contained 
relatively small percentages of the ether-soluble fraction, sugars, and 
starches. The mature natal grass (No. i) contained larger amounts 
of the hemicellulose, cellulose, and lignin fractions and considerably 
less protein, ash constituents, and moisture than the crotalaria or the 
natal grass No. 2. The crotalaria contained the smallest percentage 
of lignin and the largest percentages of protein and water. 


Table 4 . — Analyses of plant materials. 


Constituent 

Crotalaria 

Natal grass No. i 

Natal grass No, 2 

Ether soluble. 

U89 

1-38 

2.36 

Total Bugai*s 

1.94 

1.24 

144 

Starch ............ 

1. 19 

0.64 

0.96 

Hemicellulose ......... 

10.86 

26.64 

19-51 

Cellulose. ............ 

21.13 

2944 

26.80 

Lignin 

1447 

18.26 

17-75 

Protein . . ........... . 

16.65 

3‘97 

9-38 

Ash. . . ... . . . . . . . . .... 

6.27 . 

5.65 

10.61 

Moisture , 

7900 

53.97 

70.20 


DISCUSSION OF RESULTS 

There were slightly smaller amounts of carbon dioxide produced in 
the crotalaria-treated soils at pH 3.71, 4.26, and 4.59 than in the soils 
at pH 5.94, 6.33, 6.50, and 7.05. Possibly the reason why one soil 
decomposed the crotalaria about as readily as another was because 
of the increase in pH of the soils. The pH of the soils increased from 
3.71, 4.26, and 4.59 at the beginning of the experiment to 6.84, 6.70, 
and 6,72 at the end of the incubation period. It is apparent, therefore, 
that the decomposition of the crotalaria in this soil was not taking 
place at pH 3.71. 

The increase in the pH of these soils may be explained, at least 
partly, by free ammonia which might have been present and carbonic 
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acicL The carbonic acid might possibly increase the pH of the soil by 
the dilution of a stronger acid in a poorly bufiered solution. 

The natal grass No. i decomposed more readily in soils at pH 
values of 5.94, 6.33, 6.50, and 7.05 than in the soils at pH 3.71, 4*26, 
and 4.59. 

The less rapid decomposition of the natal grass No. i in the soils 
of initial pH 3.71, 4,26, and 4.59 than in the soils at the higher pH 
values was undoubtedly caused by a detrimental effect of the in- 
creased acidity on the growth of the decay bacteria. Also the types 
of bacteria present in the soils of pH values 3.71, 4.26, and 4.59 were 
apparently different from those found in the soils at the higher pH 
values. The nitrogen content of the mature natal grass was not suffici- 
ent to permit the formation of nitrates as was revealed by the nitri- 
fication studies. The low nitrogen content and the relatively high 
content of hemicellulose, cellulose, and lignin were also factors in the 
slow decomposition of the natal gi'ass. 

The decomposition of natal grass No. 2 was more rapid in soils at 
pH values of 5.94, 6.33, and 7.05 at the beginning than in the soils at 
the lower pH values. The acidity of the soils at pH 3.71, 4.26, and 
4,59 a|'3parently inhibited the growth of the micro-organisms. The 
increase in pH of these soils was posssibly caused by the potavssium 
nitrate added to the soils. The micro-organisms used the nitrate and 
the potassium was left free to act as a basic residue to increase the 
pH of the soil. 

The largest decomposition of natal grass No. 3 occurred in the 
soils of pH 7.05 and the least amount of decomposition was obtained 
in the soils at pH 3.71. This difference in the decomposition of the 
natal grass No. 3 may be attributed to the difference in numbers of 
micro-organisms in the soil and the retarding effect of the increased 
acidity at the lower pH values. Because of the low protein content of 
the natal grass the micro-organisms were not able to free any of the 
nitrogen as ammonia, conseqitently no nitrification of the natal grass 
.occurred,.,. 

The ti^tal amount of carbon dioxide produced was largest in the 
soils treated with the crotalaria and smallest in the soil treated with 
the natal gra.ss No. x. There was a larger total production of carbon 
dioxide in the soils treated with the succulent natal grass No, 3 than 
in the soils treated with the more mature natal grass No. i. There is 
no apparc^nt reason why the natal grass No. 2 should, have decomposed 
more slowly than the natal grass No. 3, unless the potassium nitrate 
added proved toxic to the micro-organivsms in the concentration used. 

SUMMARY AND CONCLUBIONS 

Four series of experiments were conducted on the decomposition of 
green crotalaria and green natal grass harvested at two different 
stages of growth in soils of varying degrees of acidity from pH 3.71 
to p,H 7.05. The results obtained may be summarized briefly as foh 
lows: 

i . All plant materials decomposed more rapidly and more completely 

in soils at pH 5.94 to 7.05 than at pH 3. 71 to 4.59. 
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2. The detrimental effect of acidity on decomposition was more pro^ 
nouneed in soils treated with natal grass than in soils treated with 
crotalaria. 

3 . The acidity of the soils treated with crotalaria was decreased mark- 
edly in the soils at low pH in the beginning of the experimpit. This 
decrease in acidity of the soil was possibly caused by the liberation 
of ammonia or the dilution effect of carbonic acid or both. It can 
hardly be claimed that the full effect of the acidity of these soils 
on the decomposition of crotalaria was measured in these experi- 
ments. 

4. The addition of nitrogen as potassium nitrate to the natal grass- 
treated soils in an amount sufficient to bring the total nitrogen 
content of these soils to that of the crotalaria-treated soils did not 
increase the decomposition of the natal grass. 

5. The decreased nitrification in the soils at pH 3.71, 4.26, and 4,59 
was undoubtedly brought about by the micro-organisms utilizing 
the ammonia in the decomposition of the carbonaceous materials 
and also partly by the detrimental effect of the increased acidity 
on the nitrif^dng bacteria. A deficiency of available calcium in the 
strongly acid soils could possibly have caused this decreased nitri- 
fication observed in the soils at low pH. 

6. The plant materials containing the larger percentages of the hemi- 
cellulose, cellulose, and lignin fractions decomposed more slowly 
than those containing the smaller percentages of these constituents. 
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MILLING, BAKING, AND CHEMICAL PROPERTIES OF 
COLORADO-GROWN MARQUIS AND KANRED WHEAT 
STORED 9 TO 17 YEARS^ 

D. W. Robertson, C. C, Fifield, and Lawrence Zkleny*' 

C URRENT interest in long-time storage of wheat suggests the 
need, for information with respect to the relation between length 
of storage and. quality. It is well known that any damage such as will 
affect the commercial grade is likely to affect the quality deleteri- 
ously, but information with respect to possible deterioration when 
wheat is stored dry and. free from insect damage is decidedly de- 
ficient. Wheat from the 1921 and later crops stored, under such con- 
ditions by the Colorado Agricultural Experiment Station for the 
purpose of studying the relation of age to viability appeared to afford 
an unusual opportunity to study this mlatfon. Accordingly, samples 
of those lots were milled and liaked in the Milling, Baking, and 
Chemical Laboratory of the Bureau of Agriculturai Economics in 
cooperation with the Division of Cereal Crops and Diseases, Bureau 
of Plant Industry, U. S. Dept, of Agriculture, in 1938.’^ The purpose 
of this paper is to present such of the resulting data as will be of 
interest. Robertson and Lute*^ have reported on the germination of 
the samples and have given the pertinent facts regarding their storage. 

MATERIALS AND METHODS 

Briefly, the studies herein reported were limited to Marquis spring wheat 
grown under irrigation and Kanred winter wheat grown on fallow without irriga- 
tion. After threshing and cleaning, the grain was .stored, in roo-poimd sacks in a 
dry, unheated room. The annual precipitation and average annual humidity at 
Fort Collins are given by Robertson and Lute® and the possible relation of these 
to stnraj^t‘ is also discussed by these autliors. The moisture content of tlie grain at 
time of sh jrage was not determined btit is believed to have been relatively low. 

Samples of M!arquis representing eight crojis from the years 1921 to 1929 and 
of KannMl representing three crops from the years 1921, 3934, and 1929 were 
milled and the flour baked into bread. 

The tempered wheats were milled on an Allis-Chalmers exjjerimental flour mill 
provided with three pairs of break rolls and one jinir of smooth rolls. (See U. S. 
Dept, of Agr. Tech. Bui. No. 197 for complete description of milling ecjuipment 
and operative technic). Ghemical tests (moisture, ash, and protein) were made by 

Contribution from the Department of Agronomy, Colorado Agrkailtnral 
Kxjieriment Station, Fort Collins, Colo. Received for publication July 27, 1939. 

* Agronomist, Colorado Agricultural Experiment Station, Associate Baking 
Technologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
ami Assoc.'iate Grain Tecdinologist, Grain Division, Bureau of Agricultural 
Econojnics, re.spectively. 

Tkedil is flue H. C. Fellows, J. F. Hayes, Ehvood Hoffecker, Ray Weayer, 
B, E. Rothgeb, and M.. H. Ne\wdadt of the Milling, Baking, and* Chemical 
Laboratory for making some of the determinations reported in this paper. 

^RoiiFRTsoN, D. W., and Anna M. Lute. Germination of seed of farm crops 
in CoUmado after storage for various periods of years. Jour, Amer. Soc. Agron., 
.29:822-834. 1937.,. ' . ■ : : 

^Loc, cit. 
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accepted and approved methods of the American Association of Cereal Chemists, 
Acidity was determined on the extracted fat constituents of the wheat by the 
method suggested by Zeleny and Coleman.® The fat acidity values are expressed 
in terms of the number of milligrams of potassium hydroxide required to neutra- 
lize the free fatty acids from 100 grams of wheat ascertained on a dry matter 
basis. 

Bread baking tests were made by the straight dough method, employing the 
baking formula ingredients most commonly used by commercial bakers. For this 
purpose three formulas were employed, namely, (i) commercial, using 100 grams 
flour, 5.0 grams sugar, 1.5 grams salt, 2.0 grams yeast, 3.0 grams shortening, 
4.0 grams dried skimmilk, and sufficient water to form a dough of proper con- 
sistency; (2) commercial-bromate, same as formula No. i, plus i mg of potassium 
bromate; and (3) a second commercial formula the same as formula No. i except 
the amount of yeast was increased to 3.0%, The milling, baking, and chemical 
results are shown in Table i . The loaves baked from Marquis are shown in Fig. i 
and those from Kanred in Fig. 2. 

EXPERIMENTAL RESULTS 

Good flour yields were obtained from all samples, none being less 
than 69.3% obtained from the 1925 Marquis, which can be accounted 
for by the low (57.8 pounds) test weight. None of the lots required 
special tempering treatment or special handling in the mill to secure 
optimum flour yields. 

The protein content varied from 11.3% for Marquis harvested in 
1925 to 14.4 and 14.5% for the 1921 and 1927 crops, respectively. 
Kanred ranged from 12.9 to 14,3%. None of the samples, with the 
possible exception of the 1925 Marquis, can be considered too low in 
protein for good bread. 

Fat acidity values on Marquis ranged from 26.2 for the 1929 
samples to 47.7 for the 1921 samples and on Kanred from 26.7 for the 
1929 samples to 37.5 for the 192 1 samples. Unquestionably, the higher 
fat acidity values on the 1921 samples indicate that some deteriora- 
tion has taken place during the long storage period. It has been dem- 
onstrated^ that fat acidity values range from less than 20 for freshly 
harvested sound wheat to 70 or more for badly deteriorated wheat 
and may be used as an approximate index of the degree of deteriora- 
tion the wheat has undergone. Broadly speaking, while values of 50 
or less are not ordinarily associated with impaired milling or baking 
quality of the freshly milled flour, preliminary evidence indicates 
that flour milled from wheat haying acidity values of approximately 
50 or more will deteriorate in baking quality during storage more 
rapidly than will flour from wheat of lower acidity . 

Gassing power determinations made on the flour as an indication 
of the raw starch amylase or susceptible starch available for use 
during the fermentation period reveal marked differences for the lots 
harvested in different years. The 1921 and 1925 crops of Marquis 
were def initely superior in gassing power to those of 1923, 1927, or 

®Zeleny, Lawrence, and Coleman, D. A. Acidity in cereal and cereal prod- 
ucts, its determination and significance. Cereal Cbem., 15:580-595. 1938. 

^Zeleny, Lawrence. Unpublisbed data. 
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1929. For Kanred the values were highest in 1921 and lowest in 1929. 
It is not apparent from these data that long storage is associated 
with either an increase or decrease in gassing values. 


-Loaves of bread baked in 1938 by the commerciahbromate pro- 
cedure for Marquis grown in the various years 1921 to 1929. 


Fig. 2.— Loaves of bread baked in 1938 by the commehcal-bromate 
procedure for Kanred from the crop years of 1921^ 1924, and 
1929. 

All of the samples produced satisfactory bread. Strangely enough, 
the Marquis from the 3:921 crop averaged highest in loaf volume and 
scored but slightly less in grain and texture than the 1929 Marquis, 
which was materially lower in loaf volume. 

The 1921 Marquis was, it is true, relatively high in protein, 14.4%; 
nevertheless, it produced bread superior to that of the 1927 crop with 
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practically the same protein content. Also the 1921 Kaiired produced 
better bread than either the 1924 or the 1929 crops. Here, again, the 
protein content of the 1 921: crop was relatively high. 

Altogether, there is no indication in either the milling or baking 
data of any material deterioration in quality for bread of any of the 
samples. 

SUMMARY 

Milling and baking tests were made with eight samples of Marquis 
wheat and three samples of Kanred wheat stored, at Port Collins, 
Colorado, in a dry, unheated room for periods up to 17 years. There 
was a definite and fairly regular increase in fat acidity with storage, 
indicating a certain amount of progressive deterioration on storage. 
Satisfactory flour yields were obtained in all cases and unusual tem- 
pering was not required in any case. All lots made satisfactory bread, 
there being no indications of deterioration in baking quality in any 
of the samples. Idle best bread both from Marquis and Kanred. was 
made from the .r.921 crop, ljut the small difference as compared with 
later crojis can probably be attributed to higher protein content. 
There was no appa.rent relation between deterioration in viability as 
shown by germination tests and baking quality. 


THE FIXATION AND RELEASE OF APPLIED POTASH ON 
THREE COASTAL PLAIN SOILS^ 

J. M. Blumb and E. R. Purvis^ 

T he role of potassium in the chemical and physico-chemical 
phenomena of the soil has been the subject of exhaitstive re- 
search; yet, one of the more practical aspects of the problem has not 
been entirely clarified. This concerns the fate of the potassium ap- 
plied to soils in commercial fertilizers. The larger part of the element 
so added is probably utilized by the current crop; howciver, a con- 
siderable fraction remains in the soil in a water-soluble, replaceable, 
or fixed form. The controversial issues concern the fraction of the 
unutilized potassium which enters each of these three forms, and the 
ease with which it changes from one form to another. In areas where 
large quantities of commercial fertilizer are itsed, this unutilized 
potaSvSium, plus the potassium returned to the soil in plant residues, 
represents, over a period of years, a considerable investment to the 
growler. The practical considerations of the problem are apparent for 
it is important that the grower know what part of this investment is 
available for future use and what part is lost or becomes a frozen 
asset. This paper presents a study of the fate of potassium applied to 
three representative virgin soils of the vegetable-growing area of 
eastern Virginia. 

EXPERIMENTAL PROCEDURE 

An Elkton silt loam, a Portsmouth loamy fine sand, and a Sassafras sandy 
loam were chosen for the study. Various chemical data on the soils selected are 
presented in Table i. 


Table i Characteristics of original soils. 


Character 

Portsmouth 

Sassafras 

Elkton 

pH........ 

4,1 

4.6 

5^30 

pH after liming. 

6.1 

6.0 

7,2 

Total nitrogen, %. 

043 

0.183 

, 0.095 

Organic matter, % 

21.6 

4-5 

i 1.5 ■ 

Clay, % 

5.0 

17,0 

9.0 

Replaceable Ca, M.E./ioo grams soil 

2.06 

1.45 

1.5 

Replaceable Mg, M.E./ioo grams soil 

0,49 1 

0.72 ; ■ 1 

I.OI 

Replaceable K, M.E./100 grams soil 

0.28 ! 

0.26 

0. II 

Exchange capacity, M.E./ioo grams 
soil. ........................... 

27.0 

II.I 

- 5-2 


The soils were collected from the virgin state, screened, all amendments added, 
thoroughly mixed, and placed in 2-gallon glazed earthenware urns. Fifty-six urns 
of each soil were divided into four series according to treatment and method of 

^Contribution from the Virginia Truck Experiment Station, Norfolk, Va. 
Credit is given Dr. Jackson B. Hester, formerly of this Station, for assistance in 
outlining the problem and reading this manuscript, and to the American Potash 
Institute for supplying the funds which made this study possible. Received for 
publication August 5, i939- 
i^Research Fellow and Soil Technologist, respectively. 
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study as follows: Series A, imlimed and uiileached; series B, limed and unleaclied; 
series C, unlimed and leached ; and series D, limed and leached. 

Duplicates in each series received potassium treatments at the rate of o, 50, 
1 00, 200, 400, 800 and 1,600 pounds per acre of K2O from commercial muriate of 
potash (62% K2O). In addition, each urn received 2 grams of P2O5 and 2 grams of 
H from the sources Ammophos and urea. Hydrated magnesium lime was added 
to series B and D in amounts calculated to produce a soil reaction near pH 6.0. 
The reactions obtained are shown in Table i. Because ot the unexpected high silt 
and low colloid content, the Elkton soil, through error, was overlimed. The urns 
were placed in the greenhouse and the moisture content adjusted to one-half the 
water- holding capacity of the various soils. Constant moisture was maintained 
throughout the period of the study by weighing and adjusting twice weekly, 
wath the exception of two weekly periods when watering was purposely omitted 
to permit the soils partly to diy. 

vSoil samples were drawn from each urn of series A and B at monthly intervals 
over a period of five months, and from series C and D after leaching at the ends of 
the first, third, and fiftli months. To insure accurate sampling, 10 K-inch cores 
were drawn from each urn and thoroughly mixed. These samples were then sub- 
jected to analysis. Twelve and one-half grams of soil were leached with 250 mis. 
of water and the ]3otassiuin determined in the leachate. Leaching with water was 
followed by leaching witli 250 mis. of K N ammonium chloride solution adjusted 
to pH 7.0 with dilute ammonium hydroxide, and the replaceable potassium was 
determined. The fixed potassium w^as calculated from the amount added less the 
amount found in the water-soluble and replaceable states. 

The urns of series C and D were subjected to monthly leachings with water, 
sufficient w’ater being added to produce 2 liters of leachate at each leaching. 
These leachings were subjected to analysis for potassium by the sodium cobalti- 
nitrite method, the method employed for all potassium determinations in this 
study.' 

RESULTS FROM UNLEACHED SERIES 

The results from the study of series A and B are presented in Tables 
2 and 3. It will be noted from Table 2 , that in the case of the unlimed 
soils, only the Portsmouth fixed an appreciable amount of potassium. 
In this soil, the maximum fixation of potassium in all treatments 
oGCuTted during the first two months. After the second month, part 
of this fixed potassium, was apparently releasedy and at the end of the 
fifth month, the soils receiving the four higher treatments held in the 
fixed state approximately half as much potassium as was fixed at the 
end of the first month. There was considerable variation in the amount 
of potassium fixed within each treatment over the five months’ 
period and there seems to be no consistency in this Awiation between 
treatments. It is believed that this inconsistency is significant for 
reasons which will be discussed later. 

The^ unlimed Sassafras and Elkton soils fixed relatively little 
potassium at any time during the study, often showing negative 
fixation, i.e., release of potassium originally held in the fixed state. 

Table 3 records the results from the study of the unleached, limed 
soils. As was expected, liming increased fixation in the Sassafras and 
Elkton soils. This was especially true in the case of the Elkton, for 
this soil in the limed condition showed a greater fixing power than 
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Table 2. — Replaceable a7id fixed potassium on wilimed soils in MM. of K 
per 100 grams of soil. 




Pounds K2O applied per : 

acre 




0 1 50 1 

roo- 1 

\ 200 1 

400 

1 800 

1 1,600 



Portsmoiitb 

i 





M.E. K applied per 100 








grams soil 

— 

0 0.086 

0.173! 

0.345 

0.690 

1.380 

2.760 

Water-soluble plus re- 

30 

0,310 0.320 

0.430 

0.510 

1 0.695 

' 1.040; 

1.8 ro 

placeable K 

60 

0.310 0.305 

0.325 

0.480 

! 0.685 

I - 1 55 

2.030 


90 

d 

CO 

0.370 

0-555 

0.905 

L,U 5 

2.3QO 


120 

0.320 0,330 

0.465 

0.625 

O.S7O 

1. 215 

2.235 ■ 


150 

0.320 

0.410 

0.615 

0.855 

1.385 

2.285 

Fixed K 

30 

0.076 

0,053 

0.145 

0.305 

0.650 

1.260 


60 

0.091 

0.158 

0.175 

0.315 

0.535 

1.040 


90 

o,oS6 

0.083 

0,070 

0.065 

0.345 

0.650 


120 

150 

0.076 

. . 

Sassafras 

0.028 

0.083 

0.040 

0,050 

0.140 

0.155 

0,485 

0.315 

0.845 

0.795 

M.E. K applied per 100 


I' . 






grams soil 



0 0.063 

0. 1 25 

0.250 

0.500 

1,000 

2,000 

Water-soluble plus re- 

30 

0,230 0.285 

0.350 

0.445; 

0.805 

1.050 

2.065 

placeable K 

60 

0.245 0.255 

0.380 

0.455 

0.685 

1-075 

; L 995 


90 

0.225 0.26s 

0,425 

0.425! 

0.715 

1.185 

2.085 


120 

0.240 G.320 

0.410 

0.500 

0.710 

1.370 

2.430 


150 

0.230 0.285 

0.345 

0.450 

0.710 

1.215 

i 2.675 

Fixed IC 

$0 

0,008 

0,005 

0.0351 

- 0.075 

o.i8q 

0.165 


60 

0.053 

-0.010 

0.040! 

o.g6o 

0.170 

0.250 


90 1 

0.023 

-0.075 

0.05O; 

0.010 

0.G40 

0.140 


120 

”-0.017 

- 0.045 

“O.OIO 

0.030 

-0.130 

--0.190 


150 

0.008 

Elkton 

0.010 

0,030 

0,020 

0.015 

-0.445 

M.E, K applied per 100 





■ 

■ ■ 



grams soil 

— •— 

0 0.052 

0.104 

1 0.2D8 

0,415 

0.B30 

1.660 

Water-solulile plus re- 

30 

0.095 0.140 

0.220 

1 0-295 

0.605 

0.940 

L875 

placeable K 

60 

0,095 0.140 

0.210 

1 0.300 

0.565 

0.86a 

1.695 


90 

0.095 0.155 

0.220 

! 0.400 

0.560 

1.030 

1.900 


120 

0.125 0,150 

0.255 

0.375 

0.58s 

0.930 

1 .980 


ISO' 

0.080 

0.150 

0.300 

0.540 

0.830 

1.880 

Fixed K 

! ■ 30 

i 0.007 

-0.021 

0.008 

-0.095 

-0.015 

-0.120 


60 

! 0.007 

-0 .0 1 1 

0.003 

-0.055 

0.065 

0.060 


90 

1 -0.008 

-0.021 

-0.097 

-0.050 

-0.105 

- 0.145 


120 
i 150 

I 0.027 

0 0 

:-O.042 

-0.012 

-0.045 

- 0.045 

0.025 

0.080 

-0.195 

-0.140 


^Number days after application of potash at which sample was taken. 


did the Sassafras, the reverse of what was found in the study of the 
uiilimed soils. 

Liming apparently had no effect upon the amount of potassium 
fixed by the Portsmouth soil although it did seem to affect the time of 
fixation, the greatest fixation occurring at the end of the fourth and 
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T 2^,~~Replaceahle and fixed potassium on limed soils in MM, of K per 
100 grams of soil. 



Days* 

Pounds K2O applied i)er acre 


0 1 50 1 100 1 200 1 400 1 800 ! 1,600 



Portsmouth 


M.E, K applied per 100 
grams soil 

~ 

I 

0.086 

0.17,^ 

n.345 

0.690 

1.38c 

2.760 

Water-soluble plus re- 


0445, 


0.580 

0.695 

o,86o; 

r.225 

2.135 

placeable K 

6)0 

0.405 

0.440 

0.525 

0.615 

0.9251 

1.255 

2.175 


90 

0.450 

0.465 

<-b 54 .S 

0.680 

0.9451 

1.405 

2.265 


1 20 

04.40 

0455 

o. 53 « 

0.6S0 

0.8751 

1.385 

2.085 


150 

0.440 

0.490 

0.550 

0.685 

0.810: 

1.255 

2.110 

1 

Fixed fC 1 

30 



0.038 

0.095 

0.275 

0.600 

1.070 


60 


0.051 

oA )53 

0.135 

0. 1 70 

0.530 

0.990 


go 


0.07 1 

0.07S 

0. 1 1 5 

0.195 

0.425 

O.Q 45 


120 


0.07 1 

0.083: 

0.105 

0.255 

0.435 

: 1.^5 


■ 


0.036 

0,063: 

0. 1 DOj 

0.320; 

0.565 

i 1. 090 


hT.E. K applied per 100 
grams soil 


■ 0 ' 1 

' 1 

0.063 

0.125 

0,250 

0.500 

1 .000 

2.000 

’Water-soluble plus re- 

30 

0.310 

0.390 

0.450 

0-550’ 

0.830 

1.220 

2.260 

placeable K 

60 

0.330 

0.370 

0.390 

0.485 

0-705 

i.io5j 

1.8S5 


90 

0.260 

0.300 

0.400 

0.535 

0-755 

1.215! 

2.130 


120 

0.320 

0.365 

0.410 

0.495 

0.735 

1.1901 

1.800 


150 

0.265 

0.300 

0.400 

0.470 

0.725 

1 .250: 

2.300 

Fixed K 

30 


-0.01 7 

0.015 

O.OIO 

0.020 

0.090 

0.050 


60 


0.023 

0.065 

0.0951 

0.125 

0.225 

0.445 


90 


0.023 

-0.015 

- 0 , 035 i 

0.005 

0.045 

0.130 


! 120 


0.018 

0.035 

0.075 

0,085 

0.1301 

0.520 


150 


0,028 

-0.0 lO 

0.045 

0.040 

0.015; 

-0.035 


M.E, K a Implied per loo 
grams soil 


0 

0.052 

0.104 

0.208 

0.415 

0.S30 

1 .660 

Water-soluble plus re- 

30 

0.140 

0.160 

0.185 

0.2.40 

0.450 

0.745 

1 .540 

].)1aeeal:)le K 

60 

O.IIO 

D.I30 

0.165 

0.215 

0,415 

0.790 

1.765 


90 

O.IOO 

D.I70 

0.200 

0.310 

0.420 

0.830 

i./So 


r 20 

0.130 

0.150 

0. 1 70 

0.250 

0-395 

0.705 

1,450 

; . ■ ■ ■ . i 

150 ; 

0.1051 

0 . 135 ; 

0.170 

0,240 

0,400 

0.755 

1.425 

Fixed K 

30 


0.032 

0.059 

0.108 

0.105 

0.225 

0.260 


60 


0.032 

0.049 

0.103 

O.IIO 

0.150 

0.005 


90 


-0,01 8 

' 0.004 

“0.002 

0.095 

0.100 

-0.020 


120 


0.032 

0.064 

O.0S8 

0.150 

0.255 

0.340 


150 


0.022 

0.039 

' <'>.073 

0.120 

0.180 

0.340 


*Ntimber day«i after application of potash at which sample was taken. 


lifth months instead of at the end of the first and second months as 
was the case with the unlimed soil. 

The data presented in Tables 2 and 3 indicate that the properties 
of a soil which enable it to fix potassium in an unreplaceable state are 
dynamic and not constant. With chemical and physical factors con- 
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stant, this indicates that fixation is brought about by microbiological 
activity and is temporary in nature. It had been expected that a con- 
dition of equilibrium would be reached between the potaSvSium exist- 
ing in the water-soluble and replaceable conditions and the remainder 
which had become fixed. This condition of equilibrium was not ob- 
tained nor was there any evidence that it was being approached. 
There is a general correlation between the fixing power of the soils 
for potassium and their organic matter content and exchange capac- 
ity. This correlation holds in the case of the unlimed soils, the Ports- 
mouth. fixing the most potassium and the Elkton the least. However, 
when limed, the Elkton soil fixed practically as much potassium as 
did the Sassafras. This is probably explained by the difi’erence in pPI 
between the limed Sassafras and Elkton soils. As already mentioned, 
through error the Elkton was limed to pH 7.2 whereas the Sassafras 
and Portsmouth soils were limed, to approximately pH 6.0. Although 
this prevents an}?’ direct comparison of the fixing capacity of the two 
soils, the difference in the amounts of potassium actually fixed are too 
small to be of any consequence. 

In the above study, water-soluble potassium was included in the 
replaceable fraction as has been the common practice in studies of this 
type. To determine the importance of the water-soluble fractions, 
soil samples from the three higher treatments of series A and B were 
subjected to analysis for water-soluble potassium by the method 
already described. These data are presented in Table 4. 

The separation of the water-soluble potassium from the replaceable 
fraction greatly clarifies the picture in the case of the Portsmouth and 
Elkton soils. With this separation, the replaceable fraction was found 
to be practically constant for each treatment throughout the entire 
period of the study and the amount held in the replaceable state was 
increased with each successive increment of potash applied. The en- 
tire variation in the amount of potassium fixed is reflected in the 
water-soluble fraction. Apparently the potassium is fixed from the 
water-soluble condition, the replaceable fraction of the element having 
no part in the phenomenon. One might assume that a very sensitive 
state of equilibrium exists in which the potassium fixed from the re- 
placeable state is immediately replaced from the water-soluble frac- 
tion, The data presented are not contrary to such an assmnptioii. 
The replaceable fraction did remain constant even though the water- 
soluble fraction varied over 100% in several instances. However, such 
would not be the case if the water-soluble fraction were evenly 
dispersed throughout the soil mass, for the replaceable fraction is 
increased as the amount of potassium applied is increased, as is shown 
in Table 4, To assume a constant replaceable fraction when the other 
two fractions vary widely is to ignore the conditions of the law of mass 
action. The percentage base saturation of a soil, with any ion capable 
of entering the exchange complex, must necessarily increase as the 
application of the ion in question is increased. To explain a constant 
replaceable fraction under conditions where the water-soluble frac- 
tion varies widely, as was found in this study, one must assume that 
the potassium released from the fixed state into a water-soluble form 
was not distributed throughout the soil mass and therefore had no 
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Opportunity to enter the exchange complex. If potassium fixation and 
release were the result of microbiological activity, the existence of 
potassium in a water-soluble but undispersed state could be accounted 
for. The dead bodies of microbes might well hold potassium against 
diffusion in a soil of limited, moisture content, yet release this potas- 
sium under the treatment employed in the analysis for water-soluble 
potassium. This possibilit}^ of a microbiological factor will be dis- 
cussed later. 

The relationship between the water-soluble, replaceable, and fixed 
potassium for the 8oo-pound K 2 O treatment on the unlimed Ports- 
mouth soil is gi'aphically illustrated in Fig. i. The data from all treat- 
ments for both the unlimed and limed series of the Portsmouth and 
Elkton soils give similar curves. 



DAYS 

TREATMENT- 800 LBS K^G per Acre-NO LIME: 

Fig, I. — Fate of applied potash on Portsmouth soil. 

For unexplained reasons the replaceable fraction of potassium did 
not remain constant in either the limed or unlimed series of the Sassa- 
fras soil but tended to decrease with time. The fixed fraction varied 
widely from month to month but also had a general tendency to de- 
crease, both of these decreases being reflected by an increase in the 
w=^ater-soluble fraction. Apparently the exchange complex of this soil 
was appreciably altered during the study, possibly by rapid decom- 
position of the organic fraction. 
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In all three soils, the amount of potassium held in the replaceable 
state correlates well with their exchange capacities and organic matter 
contents. 

RESULTS FROM LEACHED SERIES 

In this series, the soils wei'e leached monthly with sufficient water 
to produce 2 liters of leachate and the leachings analyzed for potas- 
sium. Soil samples were drawn at the end of the first, third, and fifth 
months after the urns had been leached. These samples were analyzed 
for water-soluble and replaceable potassium to determine what effect 
leaching had on this fraction. The results from thi:S series are presented 
in Tables 5, 6, and 7. 


Taih.e -Percentage of applied potassium leached. 


Pmmds f>f 
Iv/> applied 

Portsinovith 

Sassafras 

' Elkton 







per acre 

i Unlimed 

Limed 

Unlimed 

Limed 

Unlimed 

Limed 

. . 

27.9 

12.S 

25.4 

0 

25.0 

3.8 

100. . 

26.0 

12.7 . 

37.6 

10.4 

37-5 

14.4 

200. 

26.1 

11.3 

42.0 

16.4 

3 f ^-5 

19.2 

400 

30,0 

14.2 

34.2 

19.2 

33-5 

19.0 

8no 

26,4 

16,9 I 

40.1 

30.8 

494 

22.9 

1 ,600 

31.9 

20.0 

41.7 

47.0 

56.1 

36.8 


Table 6.- — M,E. of replaceable K water-soluble K per 100 grams of soil, 
samples taken after monthly leachings. 


Pounds of 
KjO applied 
per acre j 

Portsmouth 

Sassafras 

Elkton 

30 

days 

90 

days 

150 i 
days 7 

30 

days 

. 90 
;days : 

150 

1 days 

30 

days 

90 

days 

1 50 
days 




Unlimed Soil 





None ' 

0.330 i 

0,090 ' 

O.I lO i 

0.190 

0.180 

0.135 

0.065 

0.035 

0.060 

50 

e.315 1 

0.090 

0.190 

0.190 

0.205 

0.195 

o.roo 

o.oSo 

0.090 

1 00 j 

0.315 1 

0.305 1 

0.280 ' 

0.250 

1 0.240 

0,220 

0.140 1 

0,115 

0.120 

200 : 

0.490 1 

0.390 

0.360 

0.380 

0.385 

0.290 

0.190 

0,165 

0.210 

400 

0.645 1 

e.535 

0.530 i 

0.445 

0.535 

0.390 

0.330 

0.275 

0.270 

800 

0.935 1 

0.860 

0.845 

0.805 

! 0.715 

0.650 

0.595 

0.350 

0.405 

1,600 

1.370 1 

1.240 

1.125 : 

1.340 

L045 

1.015 

0.895 

0.610 

0.640 


Limed Soil 


None 

0.345 

0.325 1 

<>•365 

0.225 ■ 

0.225 ; 

Q.240 

0.145 

0.055 

o.oSo 

50 

0.385 

0.3 50 1 

a.390 

0.275 

1 0.235 ^ 

0.235 

0.150 

0.080 

0,145 

100 

0.430 

0430 

0.480 

0.335 

1 0.275 j 

0.295 

0.17s 

0.135 

0.160 

200 1 

0.540 

0.550 

0.555 ^ 

0,400 

0.360 ! 

0.370 

0.230 

0.180 

0.200 


0.895 

0.770 

0.740 

0.485 

! 0.505 

0,520 

0.355 

0.270 

0.325 

800 1 

■ 0.995 

nt 45 

' 1. 060 

0.725; 

; 0,750 ! 

0.690 

0.630 

0.480 

0.560 

1,600 1 

!■ 1.425 

1.665 

^''i 445 -:i 

I4.175 

1.155: i 

1.130 

1.065 

0.835 

0.795 


It will be noted from Table 5 that from a third to a half of the 
potassium applied on the unlimed soils was removed by leaching. 
The percentage figures are strikingly consistent for all treatments in 
the case of the Portsmouth soil. JThis indicates that vsimilar percent- 
ages of the potash applied in all treatments became water-soluble at 
one time or another during the five months’ period and therefore that 
the potash was removed on a percentage basis. To a lesser extent, the 
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same relationsliip holds with the unlimed Sassafras and Elkton soils. 
Here, however, there is a tendency for the percentage removal to 
increase with the increase in amount of potassium applied. Since 
these soils fixed considerahly less potassium than did the Portsmouth, 
more of the element remained in water solution and, therefore, a 
higher percentage was leached out. 

The limed soils lost less potassium than did the unlimed ones. It 
is believed that this was due to the gi*anulation of the soil by the lime. 
A floculated soil would naturally less thoroughly leached than one 
in which the organic matter and clay were in a defloculated condition. 
Evidence of the correctness of this theory is presented in Table 6 
where it is seen that the limed soils retained considerably more po- 
tassium in the water-soluble and replaceable foniis, after leaching, 
than did the unlimed soils. This was especially true at the end of the 
five months’ period. 

Since tap water had been used in leaching the above soils, the 
experiment was repeated with the Portsmouth soil using rain water 
for leaching in order to eliminate the possibility of potassium replace- 
ment by soluble ions in the tap water. The results obtained were in 
close agreement with those of Table 5 and for this reason are not 
included here. 

Table 6 presents the results for water-soluble and replaceable 
potassium obtained by analysis of the soils after the first, third, and 
fifth leaching. With the exception of the two higher treatments of the 
unlimed Elkton soil, all three soils in all treatments x'etained more 
potassium in the water-soluble and replaceable forms at the end of the 
fifth leaching than was lost in all five leachings, the limed soils re- 
taining a higher percentage as already mentioned. This indicates the 
importance of soil structure in the retention of soluble ions against 
leaching and also suggests that the actual loss of potassium from the 
soil through leaching is much less than would be expected, although 
it remains in the soil in a water-soluble form. 


Table 7. — M.E. of K fixed per 100 grams of soil at end of a five months' period.^ 


Pounds of K2O applied 
per acre 

Portsmonth 

Sassj 

xfras 

Elkton 

TJn- 

limed 

Limed 

Un- 

Hmed 

Limed 

Un- 

liraed 

Limed 

50 

~o.oi8 

0.050 

“0,013 

0.069 

0.009 

“0.0 1 5 

100 

-0.012 i 

0.036 

-0.007 

0.057 

0.004 

0.009 

200 

0.005 

0.116 

-0.010 

0.079 

-0.018 

0.048 

400 1 

0.043 

0.217 i 

0.074 

0.124 

0.066 

0.091 

800 

0.280 

0.451 

0.084 1 

.0.242 

0-075 

0.160 

r ,600 

0.863 

1. 124 

0.286 i 

0.29 s 

0 ;r 49 i 

0.333 

M.E. K leached or available 
per 100 grams soil of D 
treatment 

0.174 

0431 

0.192 

0.278 

0.084 

0.100 


*K applied plus [IC leached, HsO-soluble and replaceable of O treatment] less [K leached, 
HiO-soluble and replaceable of respective treatments]. 


The amount of the applied potassium which was not accounted for 
in the leachings pr in the water-soluble and replaceable fractions at 
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the end of the five months’ period must be considered as fixed by the 
soil. The data for this fraction are presented in Table 7. To arrive at 
the correct values, the amount of K2O leached from the “no potash” 
treatment plus that held in the water-soluble and replaceable states 
in this treatment at the end of the study, were subtracted from the 
results of all other treatments. Without this correction, all treatments , 
with the exception of the two higher ones, would show negative fixa- 
tion (the release of K2O originally held in fixed state) . Even with the 
correction, negative fixation occurs in a number of instances and 
fixation is generally low for all of the lower treatments. It has been 
shown (Fig. i) that the fixed and water-soluble fractions vary in- 
versely with one another, while the replaceable fraction remains 
fairly constant. This being the case, the periodic removal of the water- 
soluble fraction by leaching would progressively lower the fixed frac- 
tion until it disappeared completely. The replaceable fraction would 
also be lowered as the water-soluble portion was removed. The data 
of Table 7 support this hypothesis and indicate that all of the applied 
K2O would be recovered in the water-soluble form in a comparatively 
short time. 

DISCUSSION 

It is generally agreed that under certain conditions soils are able 
to fix potassium in a non-replaceable form, Volk (8)^ obtained ap- 
proximately 100% fixation of applied potassium by alternately 
wetting and drying the soil, but found that no fixation occurred when 
the moisture content was maintained near the optimum for plant 
growth. Hoagland and Martin (4) state that, in some soils, all of the 
applied potassium may enter the replaceable state, while in other 
soils considerable amounts of the potassium may be fixed. 

Perhaps the most significant fact established in the present study 
is that the fixation of potassium by a soil is a highly reversible 
phenomenon. Over a five months’ period, the amount of applied 
potassium held in the fixed state in soils maintained at constant mois- 
ture and sampled monthly, varied by as much as 100%. Potassium 
enters the fixed state, is released, and becomes fixed again in a com- 
paratively short time. ThLs is in agreement with the findings of Abel 
and Magistad (i)j Bray and De Turk (2), and many other investi- 
gators. However, the data obtained do not support the theory that 
potassium fixation and release follow the line of an equilibrium reac- 
tion. As previously stated, the variation in the amount of potassium 
fixed over a five months’ period was reflected in an inverse variation 
in the amount of potassium in the water-soluble form, while the 
amount of the element held in the replaceable state remained con- 
stant after the first month. 

Since fixation was greatest in the Portsmouth soil which con t ained 
the highest percentage of organic matter, and since the variation in 
the amount of potassium fixed at various samplings was so great, the 
possibility of a microbiological activity factor is suggested. It is 
admitted that the data ofter no concrete proof of such a factor other 
than by inference. However, as shown in Fig. i, the curve for fixed 


^Figures in parenthesis refer to '‘Literature Cited”, p. 868, 
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potassium is similar to growth curves of the soil tnicrofiora over a 
period of time. The direct variation between water-soluble and fixed 
potassium may also be interpreted as evidence of a microbiological 
factor, since the soil fungi and bacteria would naturally utilize the 
water-soluble potassium. 

Mal^^nyestigators attribute to potassium an important part in 
the base exchange reactions of the soil. Merkle (7) found that long- 
continued use of muriate of potash on a soil increased the replaceable 
potassium content and reduced the replaceable calcium content. 
Magistad (6) states that the response of crops in the field to potash 
is very definitely correlated with the amount of replaceable potassium 
jiresent. Lamb (5) came to the opposite conclusion, while Gedx’oiz (3) 
questioned the actual existence of replaceable potassium in the soil. 
The data obtained in this study indicate that a considerable part of 
the applied potash enters into a replaceable state in the soil and that 
this replaceable potassium will be hydrolized when the water-soluble 
fraction is reduced by leaching, as is shown in Table 6. The consist- 
ency of the replaceable fractions in the unleached series is therefore 
an unnatural phenomenon due to the constant moisture content 
maintained. The moisture present was not sufficient to distribute the 
potassium released from the fixed state, or to hydrolyze the replace- 
able potassium as the water-soluble fraction was depleted by fixation. 
It follows from this reasoning that all of the applied potash would 
become water soluble readily as the existing water-soluble fraction is 
reduced through leaching or crop removal. This is in accord with the 
results shown in Table 7. 

From a practical standpoint, the results of this study indicate that 
there is practically no loss of applied potassium on the Coastal Plain 
soils of Virginia through chemical fixation. Such fixation as does occur 
is more beneficial than harmful in that it tends to retain temporarily 
the element in an unleachable state but eventually releases it into a 
water-soluble form. During the growing period of the average crop 
it is likely that practically all of the potassium applied in commercial 
fertilizer is available to that crop at one time or another. Likewise, 
practically all of the applied potassium is subject to loss by leaching 
during the growth of the crop. Work now in progress, however, in- 
dicates that actual loss by leaching may not be very great since the 
potassium leached from the surface zone by heavy rains may be re- 
turned by evaporative forces during dry weather. This suggests the 
feasibility of light side applications of potash after heavy rains to 
tide the plants over a temporary deficiency of this element. 

SUMMARY 

A study is reported of the fate of potassium applied at the rates of 
50, 100, 200, 400, 800, and 1,600 pounds of K2O per acre to an 
Elkton silt loam, a Portsmouth loamy fine stod, and a Sassafras 
sandy loam. Analyses for water-soluble, replaceable, and fixed potas- 
sium were made at monthly intervals over a five months’ period on 
limed, unlimed, leached, and unleached, soils kept under greenhouse 
conditions. 
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The amount of potassmm fixed in all treatments varied greatly 
from month to month indicating that the properties of a soil which 
affect fixation are dynamic in nature. The possibility of microbio- 
logical fixation is suggested and supported by evidence of an inverse 
relationship between water-soluble and fixed potassium. 

Under controlled conditions, the amount of potassium held in the 
replaceable state remained constant over the five months' period in 
the Portsmouth and Elk ton soils, while the fixed fraction varied great- 
ly, the variation being reflected in the water-soluble fraction. 

Monthly removal of the water-soluble potassmm by leaching great- 
ly reduced the replaceable and fixed fractions of potassium in all soils, 
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CHEMICAL COMPOSITION OF DIPLOID AND 
T^TRAPLOID LOLIUM PERENNE 

J. T. Sullivan and W. M. Myers- 

S OME chemical differences have been recorded between diploid 
and tetraploid strains of the same species. According to Sansome 
and Zilva,*'^ tetraploid strains of the tomato were higher than diploid 
in vitamin C. Randolph and Hand'^ found that tetrkploid strains of 
yellow corn were higher than diploids in carotenoids. A comparison 
is made here of the composition of diploid with cGlchicine-induced, 
tetraploid tissue of Lolium perenne. 

Following treatment of seeds of Lolium perenne with colchicine, 
plants were obtained which were chimeras of diploid and tetraploid 
tissue. By vegetative reproduction diploid and tetraploid clones have 
been established from a number of these plants. There is no evidence 
that colchicine produced in this material any other effects than chrom- 
osomal reduplication. In the absence of any other effects the diploid 
and tetraploid clones from each plant should differ genetically in a 
quantitative manner only, that is by the tetraploid having double 
the number of chromosomes and, consequently, twdce as many 
alleles of each gene. Thus, this material affords an opportunity of 
measuring the effects of chromosomal and genic reduplication on 
chemical composition without the complication of gene differences. 
Chemical analyses have been made of the diploid and tetraploid 
clones from each of five original seedlings. Cuttings were grown in i o 
rows in the greenhouse bed. Each of the five original seedlings were 
represented by two rows distributed at random and each row con- 
tained eight individual cuttings consisting of three to five diploid 
and three to five tetraploid individuals. At the end of the two months 
the plants were still in a vegetative condition. They were then har- 
vested (February 3, 1939) and the tops of all diploid plaints in one 
i*ow were composited and the tops of all tetraploids in the same row 
were also composited in another sample. (The samples averaged 50 
grams of green weight.) Thus, from the 10 rows 10 pairs of samples 
were obtained; each pair consisted of one diploid and one tetraploid 
sample, both from the same original seedling and both grown in the 
same row. 

The samples were preserved and extracted with hot alcohol. 
Analyses were made for dry matter, for reducing sugars and sucrose 
according to the bicarbonate method of Phillips,’^ and for cntde fiber, 
total alcohol-soluble nitrogen to include nitrates, and insoluble nitro- 

^Contribiition of the U. S, Regional Pasture Research Laboratory, Division of 
Forage Crops and Diseases, Bureau of Plant Industry, U. S. Dept, of Agriculture, 
in cooperation with the northeastern states. Received for publication August i r , 

1939. . ^ 

^Physiologist and Associate Agronomist, respectively. 

^Biochem. Jour., 27:1935-1941. 1933. 

^Science, 87:442-443, 1938. 

^Jour. Biol. Chem., 95:735-742, 1932. 
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*With 9 degrees of freedom values of t for P of 0.0s and P of o.oi are 2.262 and 3,250, respectively. 
fWitli 7 degrees of freedom the value of I for P of 0.05 is 2.365. 
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gen. The limited amount of material prevented a more complete 
analysis. 

The results were summarized in Table i. In the statistical analysis. 
t was calculated by the pairing method and values of t for P of 0.05 
and 0.0 1 were taken from Fisher’s''^ table of t. 

The tetraploid plants were higher than the diploid in reducing 
sugars, sucrose, total sugars, and in the proportion of dry matter that 
was soluble in 80% alcohol. The t for comparison of reducing sugars 
and soluble dry matter exceeded the value of t for P of 0.05 ; for vSu- 
crose and total sugars t exceeded the value of t for P of 0.0 1 . Therefore 
the differences can probably be considered statistically significant. 
The tetraploids in this study were, in general, lower in'both soluble 
and insoluble nitrogen, but the differences were of such slight magni- 
tude as to have no statistical significance. No consistencies were 
found in total dry matter and crude fiber. 

It may be concluded that under the conditions of the experiments 
and with the material used, chromosomal and genic reduplication 
causes an increase in the sugar content of Lolitm perenne. 

^Statistical Methods for Research Workers. Edinburgh: Oliver & Boyd. Ed, 6. 
1936. 
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LOSS RESUXTING FROM PULLING LEAVES WITH THE 
TASSELS IN DETASSELING CORN^ 

G. H. Dungan AND G, M. Woodworth^ 

S PEEDING up detasseling in the commercial production of hybrid 
seed corn may sometimes result in the removal of a few of the 
upper leaves along with the tassel. In order to get some measure of 
reduction in yield of grain following careless detasseling, an experi- 
ment was conducted in which the tassel alone was removed and also 
ill which one to four of the upper leaves were removed along with the 
tassel. 

The corn used was U. S. Hybrid 35 (R4XHy) (WFpXsS-ii). A 
plat consisted of three hills each containing from two to three plants. 
Each treatment was represented by 14 systematically replicated 
plats, making a total of 42 hills. Individual plat yields were taken and 
all data presented are averages of the 14 plats of each treatment. 

Detasseling was done just as the tassel appeared above the whorl 
formed by the upper blades. The tassel only, the tassel with one leaf, 
and the tassel with two leaves were jerked, out while grasping the 
parts to be removed in one hand and holding the plant below the 
point of the desired break with the other. Removal of the tassel with 
three leaves and the tassel with four leaves was done by cutting off 
the stalk with a knife at the proper place. The amount of plant tiSvSue 
removed in the respective treatments is shown in Fig. i. 

RESULTS 

A summary of the results obtained from the removal of no to four 
leaves along with the tassels is shown in Table i. 


Table i,— -Influence of removing tassels with differenthumbers of leaves on 
yield of corn and weight of kernels, Urbana, III., ipjS. 


Treat- 

ment 

No. 

Part of plant removed 
when tassel emerged 

Number i 
of plants 

Average 
weight of 
500 kernels, 
grams 

Average yield of 
shelled corn per plant 

Pounds : 

% 

■ ■■■ I ■■ 1 

Tassel only 

106 

139-6 

0.7244:0.0182* 

100.0 

.2. ■ 1 

Nothing 

113 

137.1 

0.7104:0.0189 

98.6 

3 

i Tassel and one leaf 

112 

130-5 

' 0.660d=0.022I 

91.7 

4 

Tassel and two leaves 

iro 

128.9 

0.6104:0.0216 

84.7 

5 

Tassel and three leaves 

107 

128.8 

0.5904:0.0144 

81.9 

6 

Tassel and four leaves 

117 

1 24. 1 

0.5104:0.0149 

70.8 


^Standard error. 


Removal of tassel and four leaves reduced the yield of grain almost 
30% below that of careful detasseling. When one leaf was removed 
with the tassel the yield was reduced a little more than 8%. Two 
leaves pulled with the tassel caused a 15% lowering of yield and three 
leaves removed with the tassel lowered the yield over 18%. 

^Contribution from the Department of Agronomy, Illinois Agricultural 
Experiment Station, Urbana, 111. Received for publication Aug. ii, 1939. 

^Chief in Crop Production and Chief in Plant Genetics, respectively. 
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The data were/ studied statistically to determine the probability 
that the differences between the means of the various treatments were 
significant. The standard error of the mean of the results for any one 
treatment was calculated and is recorded in Table i. Then for a com- 
parison of any two treatments, the difference between the two means 
was determined and divided by the standard error of the difference. 
If the quotient thus obtained was as high as 2 or higher, it was con- 
sidered that the difference between the means being compared was the 
result of the treatment and not simply due to errors of random sam- 
pling. The treatment comparisons are given in Table 2, 


Table 2,-—3kitLstical comparisons between treatments. 


Treatments 

Diff erence ± standa rd 
deviation of the difference 

D/S.D. difference 

I and 2 

0,014^0.0262 

<L 5343 

I and 3 ■ 

0.064^-0.0286 

2.2377 

i and 4 

0.II4±0.0282 

4.0425 

I and 5 

0.134 ±0,0232 

.'i-77.S8 . 

I and 6 

, ■ ■■■ ■ ■ i 

0.2 1 4 ±0.0235 

9.TO63 

2 and 3 ^ 

0.050 ±O.O2Q0 

I. 7241 

2 and 4 

0.100 ±0.0287 

. 3-484.'5 

2 and 5 

0.120 ±0.0237 

5-0632 

2 and 6 

0.200 ±0.0240 

8.3333 

3 and 4 i 

o.o5o±o.o309 

1.6148 

3 and 5 

0.070 ±0.0263 

2.6615 

3 and 6 ' 

0 .i 50 ±d .0266 

5.6391 

4 and 5 

0.02D±0.0259 

0.7722 

4 and 6 

0.100 ±0.0262 

3.8167 

5 and 6 

'■■■■' , i 

0.080 ±0.0207 

3-8647 


As seen in Table 2, only 4 of the 13 possible comparisons gave a 
quotient (D/S.D. diif.) of less than 2. These were treatments .rand 
2, 2 and 3, 3 and 4, and 4 and 5. Differences in all other comparisons 
were statistically significant. 

Statistically, therefore, there was no difference between plants not 
dctasseled at all and those from which only the tassel or the tassel 
and one leaf were femoved. Also, there was no difference between the 
removal of one or two blades with the tassel nor between the removal 
of two or three blades with the tassel. 

The falling off of yield of grain as a consequence of leaves removed 
from the corn plant is in line with the results of investigations by 
Hume and Pranzke (3),^ Eldredge (2), and Dungan (i), all of w’’hom 
found that the severance of corn blades at the time the plants were 
in the early phase of reproduction caused a more marked reduction 
of grain yield than the removal of the same number of blades earlier 
or later in the development of the crop. When leaves are taken off 
before the tassel appears new leaves will unfold as the plant develops. 
If the blades are not removed until after the ear has developed to some 
degree, the plant has had the advantage of some photosynthetic 

^Figures in parenthesis refer to ‘‘Literature Cited”, p. 875. 
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activity of the leaves and therefore produces more grain than if the 
leaves had been taken otf earlier. 

Plants from which the tassel was carefully removed produced 1.4% 
greater yield than non-detasseled plants. Leonard and Kiesselbach 
(5) obtained an increase in yield amounting to 1.5% as a result of 
detasseling. These workers also review the publications of others, 
covering 1 1 trials, 6 of which showed an increase in yield resulting 
from detasseling. In three of these, detasseling resulted in a reduction 
of yield and in one no difference in grain yield occurred. Tests in 
France (5) revealed that the sugar content of the stalks of detasseled 
plants was higher than that of non-detasseled stalks. 

Isidore (4), working with flint corn in the Philippine Islands, found 
as a result of comprehensive tests using ear-to-row planting and mass 
seed plantings at two different planting dates that detasseling re- 
sulted in an increase in grain yield of 10%, a difference which was 
statistically significant. 

That pulling out the tassel with and without leaves had an in- 
fltience tipon grain development is further borne out by the data on 
weight of 500 kernels (Table i). The average kernel weights were 
progressively less, almost exactly paralleling the yield reductions 
following the various detasseling treatments. 

vSUMMARY 

In the commercial production of hybrid corn, tassels are usually 
jerked out hurriedly and frequently some of the upper leaves are 
pulled out with the tassel. An experiment was conducted at the 
Illinois Agricultural Experiment Station in 1938 to obtain informa- 
tion concerning the loss in grain yield resulting from careless de- 
tasseling. It was found that: 

1. Pulling one leaf with the tassel in detasseling corn reduced the 
yield of grain 8.3%; pulling two leaves lowered the yield 15.3%; 
pulling three leaves lowered the yield 18,1%; and pulling four leaves 
reduced the yield 29,2%. 

2. Detasseling without removing any leaves resulted in a yield 
increase of 1.4% over that of non-detasseled plants. 

3. The weight of 500 kernels was materially reduced by pulling 
leaves with the tassel. 

4. These results emphasize the economic importance of detasseling 
the ear parent plants in breeding plats carefully so that the minimum 
amount of injury be inflicted. 
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THE EFFECT OF MATURITY AT TIME OF HARVEST ON 
CERTAIN RESPONSES OF SEED OF CRESTED WHEAT- 
GRASS, AGROPYRON CRISTATUM (L,) GAERTN.^ 

Elizabeth McKay Hermann and Wilpord Hermann- 

T he increased nse of Agropyron cristatum (L,) Gaertn. as a forage 
crop and for soil erosion control has created a demand for in- 
formation pertinent to management methods. As many days may 
elapse between the first and final dates of ripening among plant 
populations, the grower is confronted with the problem of harvesting 
at a time when the maximum production of mature seed will be ob- 
tained. Premature harvests may x^esult in seed which germinates 
poorly or contains little reserve food, which delayed harvests may per- 
mit shattering of ripened seed and a consequent reduction in yields. 

It has been shown by Kiesseibach (5)'^ that seed size is not asso- 
ciated with plant yield in corn, but Kiesseibach and. Helni (6) have 
reported that seed size materially iniiuences pla.nt yield in wheat. 
Salisbury (12) has discussed the relation between size, strength, and 
maturity of propagules and ability of the plant to establish itself 
under conditions of competition. Plants from small, weak, immature 
propagules are placed at a distinct disadvantage when competing for 
establishment with plants grown from larger propagules. It seems 
possible that immature, small seed of A gropyr on cristaiMm may have 
a lessened chaiiGe of establishment in competition with the same or 
other species. 

Studies by Hay (2, 3, 4) of the germination of crested wheatgrass 
have indicated, that mature, freshly-harvested seed germinates more 
readily when held at a temperature below 20*^ C for part of the germi- 
nation period, but that dry storage of the seed decreases the need for 
low- temperature treatment during the germination period. 

Seedling emergence of crested wheatgrass when seeded at various 
depths has been reported by Kirk, Stevenson, and Clarke (7), Love 
and Hanson (1:0), and Murphy and Amy whose concliLsions 
were similar. Germination was good in surface plantings if satisfac- 
tory moisture conditions were maintained. Percentages of emergence 
decreased with an increase in depth of planting with the optimum 
depth being less than i inch and preferably inch. Emergence (10) 
and non-emergence (7) of seedlings from planting depths of greater 
than 2 inches were both reported, but this variation in results might 
have been due to differences in soil types (ir). The investigations 
reviewed were apparently made with well-ripened seed. 

^Contribution from the Seed Laboratory, Department of Agronomy, State 
College of Washington and the Washington Agricultural Experiment Station, 
Pullman, Wash. Published with the approval of the Director as Scientific Paper 
No. 416, College of Agriculture and Experiment Station, State College of Wash- 
ington. Received for publication August 14, 1939. 

®Seed Analyst, Department of Agronomy, State College of Washington, and 
Assistant in Farm Crops, Washington Agricultural Experiment Station, Pullman, 
Wash., respectively. 

^Figures in parenthesis refer to “Literature Cited”, p. 884. 
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In order to obtain information which might be useful in determin- 
ing a favorable cutting date, seed was harvested at several stages of 
maturity and investigations were made of the quality of the seed 
obtained. Experiments were planned to determine the relation of 
maturity of the seed at harvest to the increase and maximum germi- 
nation with storage, to the time required to complete germination, 
to the response to prechilling of the seed before germination, to the 
effect of different temperatures upon germination, and to the ap- 
parent amount of reserve food in the endosperm. 

PROCEDURE 

Spikes of a 3-year-old stand of standard Agropyron cristatmn gtov^n in 16-foot 
single rows spaced 2 feet apart in the Washington Agricultural Experiment Station 
grass nursery were tagged with the date of anther exsertion. Beginning nine days 
later, when seed was in the premilk stage, 200 spikes were harvested every three, 
days until the seed was in the soft dough stage, after which date harvests were 
made at six-day intervals until about 50% of the seed had shattered. Harvesting 
dates extended from the end of June to the first week of August, 1937. Seed was 
stored in paper bags at room temperature until tested. Germination tests were 
made between paper towels in a standard germinating chamber. Temperature of 
the germinating chamber was 20° Crb2® C, except when otherwise specified. 

Four lots of 100 seeds each were used for each test, and percentages of germina- 
tion were determined by averaging all the lots that fell within the limits of toler- 
ance as outlined by Leggatt (8). vStandard errors of the different tests were com- 
puted by the machine method as recommended for apjplication to seed testing 
by Collins (i). Individual errors rather than a generalized error were used because 
average percentages were occasionally based on fewer than four lots of seed. The 
standard errors for other phases of the study were determined in accordance with 
small population formulae of Love (9). 

RESULTS AND DISCUSSION 
EFFECT OF STORAGE 

Germination tests were begun immediately after harvest and every 
seven days for ii weeks. After ii weeks the period between tests was 
lengthened. Germination was determined for seed of some of the 
harvests after approximately 525 days of storage (Table i). As no 
germination occurred in the seed of the premilk stage through five 
weeks after harvest, tests were discontinued. None were made of the 
early milk seed after the eleventh week as all tests to that time were 
low and no increase had occurred for several weeks. Seed of other 
degrees of maturity was tested until the supply was exhausted. 

Percentages of germination in all tests made immediately after 
harvest were noticeably low as compared with those of subsequent 
tests. This w^as especially marked preceding and through the de- 
velopment of soft dough, where initial tests showed almost no germi- 
nation. Seed of all stages of maturity increased in percentages of 
germination after storage, but the length of the storage period re- 
quired to reach maximum germination^ was proportionately less as 
the maturity of the seed inGreased. Ripe seed attained maximum 


Table r. Relation of maturity at time of harvest to the increase of germination after storage and the maximum germination of seed of 

Agropyron cristaium. 
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Iietween paper towels, using four lots of lOO seeds each. 
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percentages of germination after two weeks of dry storage following 
harvest. 

Maximtim percentages of germination increased with greater ma- 
turity of the seed through the late milk stage, beyond which differ- 
ences in stored seed were not significant. Alaximum germination up 
to and including the late milk stage was 70 to 75%, while all seed 
from later harvests reached maximums of more than 90%. 

SPEED OF GERMINATION 

Records were made of the number of days required to complete 
germination. The time required for completion of tests, summarized 
in Table i, is shown graphically in Fig. i for seed of five different 

20 

— milk 



5 . 

0 7 14 21 28 35 42 49 56 65 70 77 64 

Days of storage between harvesting and 
testing 

Pig. I Relation between the maturity and the time required for gennination 
oi Agropyron cristatum, 

degrees of maturity. In general, the mature seed germinated more 
quickly after harvest and required less time than immature seed. 
Ten days were necessary for seed in the early dough stage, while the 
more mature seed germinated in seven days after storage for several 
w'-eeks. Reference to Table 1 shows that seed which had reached hard 
dough development was the most immature seed to germinate readily 
when tested immediately after harvest. The hard dough seed required 
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more time to germinate when tested immediately after harvest than 
did less mature seed, but this discxepancy is probably explained by 
the much higher germination of the hard dough seed. Seed which had 
been harvested after 50% had shattered was slower in germinating 
than seed which had been harvested earlier. Px*obably the seed which 
germinates more quickly also shatters more quickly than less vigorous 
seed. This would be in accordance with general observations in cereals 
and com. 

EFFECT OF PRECHILLING UPON GERMINATION 

In order to determine the effect of prechilling on germination of 
seed of different maturity, tests were made in which the seed was 
placed at 8® to 10° C in dampened towels for seven days before being 
germinated at 20° C. The prechilling tests were conducted immedi- 
ately after harvest and again live weeks later. The germination of 
seed which had been prechilled was compared with the germination 
of seed in which the tcist was started at the time the prechilling was 
begun and with that in which the test was started simultaneously 
with the transfer of the prechilled seed to 20® C (Table 2) . 

TarlI': 2. — Relation behveen the maturity and the response to prechilling before 
germination of seed of A gropyr on cristatiini. 


Number of days between harvesting and testing* 


Stage of maturity 
at liarvest 

0 

7 

35 

42 

% 

Dry 

storedf 

% 

Pre- 
chilled t 
70 

Dry 

stored 

% 

Dry 
stored! 
% . 

Pre- 

ehilled! 

%. 








Early milk 

0 

0 

0 

4±i ■ 

.Srbl 

I9rb2 

Milk ' 

0 

I 

0 

28d:2 

22dz3 

27rfc:r 

Late milk 1 

I 

I 

0 

63 ±2 

46 dr 2 

72dr2 

Earlv dough 

2±1 

38rt:3 

7±2 

85rfc2 

85drl 

85rb2 

Soft dough 

:^±i 

59db2 

4rhl 

88rt:I 

86drl 

S6rb2 

Hard dough 

53±2 

63d=i 1 

83 ±i 

. 88±2 

92rbl 

94drl 

Ripe. ! 

77±2 

87rt3 

92 ± I 

9I±2 1 

gidrl 

95r-bl 

Slightly shattered .... 

73 dr 3 

87dbl 

91 ±2 

.8g±i . 

84 ±3 

93 ±i 

Shattered «;o% 

74±3 

7 B±i 

9r±i 

92,rtr 

girfci 

94dr2 


*Tests were made at 20 ° C between paper towels, using four lots of 100 seeds each. 
fStored dry at room temperature instead of being prechilled. 
tHeid at 8 ° to 10 ° C between damp towels for seven days. 


Chilling produced varying results with seed of different maturity. 
Through the late milk stage, germination did not occur in either 
chilled or unchilled seed during the first two weeks after harvest. In 
the earlier tests seed in the early dough and soft dough development 
was definitely retarded by chilling, as germination was much higher 
in seed which had been stored dry for one week than in seed which 
was chilled for a similar period. Seed in the hard dough stage showed 
a considerable increase in germination when chilled for seven days 
as compared with the germination when stored dry for one week. 
However, reference to Table i shows that a second week of dry storage 
resulted in germination comparable to that in the chilled seed. Ripe 
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and sliglitl}^ shattered seed showed no significant differences between 
chilled seed and seed which had been stored for one week, but the 
seed which had shattered 50% germinated better after prechilling 
than after storage for one week, but not better than after two weeks 
of storage. Hay (2,3,4) has reported that prechilling increased germi- 
nation in freshly harvested Montana-grown crested wheatgrass seed 
of 193 5 » which is in accordance with the results reported here for seed 
of tlie hard dough and to a lesser extent for seed of more advanced 
stages. 

After storage for five weeks, only seed in the early milk stage dis- 
played a consistently favorable response to prechilling. Seed of certain 
other harvests showed no increased percentage of germination as a 
result of prechilling, while increases in the remainder were of only 
slight significance, 

TEMPERATURE OF GERMINATION 

Tests w’ere made of seed harvested at four degrees of maturity to 
study the differential response to different temperatures during germi- 
nation. Seed used in the study had been stored for 225 days. The seed 
was tested at alternating temperatures of 10° C for 16 hours and 20° C 
for 8 hours daily, and of 20° C for 16 hours and 30° C for 8 hours 
daily, and at constant temperatures of C, 15*^ C, 20"^ C, and 30° C. 

Because seed of Agropyron cristatum is often subjected to low tem- 
peratures under field conditions, another test was made in which the 
seed was held at 0° to C for one week before being germinated at 
20° C (Table 3). 

Table 3. — -Relation between the maturity and the germination at different 
temperatures of seed of Agropyrofi cristatum. 


Germination* at given temperatures, % 


Not prechilled 


Stages of 
maturity at har- 
vest 

1 

Prechilled at 

C for 7 
days, constant 
20“ C 

Constant 

Alternating 

10" C 

c 

20° C 

30 ° c 

U)°“- 

20° C 

1 20 °- 
30 ” C 

Earlv dough. 

I 5±2 

SSzbi 

90d=2 

84drl 

89 ± I 

90=h:I 

88d=l 

Hard dough 

74±2 

92dbl 

95±I 

94 =bi 

94 ±r 

94 ± I 

96 ±i 

Slightly shattered. . 

90±2 

95 =t:I 

96 ± I 

92=h2 

95±I 

93 ±i i 

9l=bl 

Shattered 50% . . . . 

82 ±3 

90d=2 

95±I 

92 ±2 

89±2 

89 ±2 

89 ±2 


*Tests were made between paper towels in fotir lots of lOO seeds. 


Alternation of temperatures was not effective in changing germina- 
tion in any of the material tested. Chilling of the seed at the begin- 
ning of germination caused a reduction of nearly 70% in germination 
of the early dough seed and of nearly 20% in the hard dough seed. 
Other differences which resulted were of too little significance to be 
conclusive. Slight decreases in germination at 20*^ C after chilling, at 
I o'" C, and at 3 0° C were shown by the most mature seed. Seed which 
had been harvested when slightly shattered gemmated better than 
seed of any other harvest, and equally well at different temperatures. 
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RESERVE POOD IN ENDOSPERM 

To obtain an indication of the amount of reserve food in the 
endosperm of the seeds, observations were made of the seed weights, 
of the emergence of seedlings from different depths of planting, and 
of the heights reached by seedlings grown in darkness (Table 4). 


Tarlic 4, — Relation hetnieen the maturity and the apparent amount of reserve 
food in the endosperm of seed of Agropyron cristakim. 


Stage.s of 
maturilA'' 

Average 
weiglit per 100 

Percentages of emergence 
given depths 

from 

Heights of 
seedlings 
grown in dark- 
ness, cm 

at harvest 

seeds, grams 

2 in. 

I in. 

1 5 in. 

2 in. 

3 in. 

Earlv milk , , 


' 1 

i I 

8d:4 

0 1 

0 

a 

.36 ±5 

Milk. . . , 

; .1 688 ±.0004 

I7d::l 

10 d: I 

2 ±l ' 

I 

0 

45±5 

Late milk. . , 

I .1898 ±.0003 

I4drr 

I5d=l 

I 

0 

0 

6odr5 

Early 

: .2426 ±.001 8 ; 

43 ± I 

46 d=i 

3drT 

2rbl 

0 

83 dr 8 

SoftdouRh. , 

.2506^.0019 I 

46 dr I 

,57 ±5 

10 dr I 

3±I 

0 

75dr4 

Hard dough 

.2949^.0034 

58dz4 

hod:: I 

■32 ±4 

rSdr5 

0 

109 ±5 

Ripe 

Slightly 

.3006 d-. 00 10 

: 71 dr 5 

66 dr I 

.35 ±3 

T8dr6 

I 

1 06 dr 5 

shattered 

.3047^.0028 

: 82 d: T 

76 dr 2 

4,3 ±8 

22d:4 

0 

IT3i4 


Between six and seven months after harvest, seed of each stage of 
maturity was weighed in four lots of 100 seeds each and the average 
weights per 100 seeds were determined. 

Duplicate lots of 66 seeds each for each harvest were planted in 
Palouse silt loam in greenhouse flats at depths of i , ip2 , 2, and 3 
inches and the number of emerging seedlings counted for each depth. 
Observations were made of the lengths of the coleoptiles and of the 
color and general vigor of emergent seedlings. Non-emergent seedlings 
were uncovered and examined to determine the reason for failure to 
emei'ge. 

Fifty seeds of each harvest were planted at X'-inch depths in 
Palouse silt loam and were grown in darkness until deterioi'ation of 
the seedlings became apparent, when the heights of the seedlings were 
measured. 

Cor3*esponding differences appeared in seed weights, emergence in 
soil, and heights of seedlings grown in darkness. Weights per 100 
seeds increased with maturity for seed of each harvest through the 
hard dough, beyond which only inci'cases of slight significance 
occurred. 

In all cases emergence was better from the }A- and i-inch depths 
than from deeper plantings and. failed or w^as negligible from the 3- 
inch depth. Lack of vigor of seed up to and including that of the late 
milk development was shown by general failure of emergence at 
more than i inch and by low emergence percentages at the shallow 
depths. Emergence was considerably greater from and i-inch 
plantings for the early dough and soft dough stages, but was very 
small from depths of inches or more. In seed of the hard dough 
and more mature stages, as comiDared with less mature seed, greater 
vigor was shown by the better emergence from the deeper plantings. 
Little difference is shown in emergence at 2 inches of hard dough 
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seed, ripe seed, and slightly shattered seed, but shallow plantings 
showed more variation. Emergence of the more mature seed at the 
various depths of planting is in accord with the results of Kirk, 
Stevenson, and Clarke (7), Love and Hanson (10), and Murphy and 
Arny (ii) who worked with mature seed. Seedlings produced from 
seeds of the earlier harvests were observed to be distinctly weak and 
chlorotic when compared with seedlings developed from seeds of the 
later harvests. 

In all cases of non-emergence, germination was as good as in labora- 
tory tests, but the seedlings did not appear because the coleoptiles 
failed to elongate sufficiently to break the soil surface. When the 
coleoptiles stopped elongating, the3?’ were ruptured by the plumules 
which spread out under the surface of the soil. Kirk, Stevenson, and 
Clarke (7) have likewise reported this response in crested wheatgrass. 

Apparently the maximum length of the coleoptile is closely asso- 
ciated whth the endosperm reseiwe of the seed for non-emergence of 
seed of all degrees of maturity for which tests w^ere made was due to 
lack of coleoptile elongation rather than lack of germination. 

When planted at a j^-inch depth and grown in complete darkness, 
the seed geiminated about as .w^ell as between paper towels. Chloro- 
phyll failed to develop and 20 days after planting deterioration of the 
seedlings became evident. Final heights of the seedlings increased 
with maturity of the seed through that in the hard dough. Among 
seed of the hard dough stage and seed of subsequent harvests there 
were no significant differences in final heights. 

CONCLUSIONS 

These investigations indicate that seed of Agropyron cristatum- 
harvested in the early dough stage of development may have high 
viability but that vigorous plants probably can not be expected from 
seed harvested earlier than in the hard dough stage. At favorable 
temperatures, germination and vigor of hard dough seed is as good 
as in more mature seed, but a decrease of germination in hard dough 
seed chilled for a week indicated that this may be slightly less hardy 
than more mature seed. 

SUMMARY 

Spikes of a 3-year-old stand of Agropyron cristaium were tagged 
wdth the date of anther exsertion and harvested at regular intervals 
from nine days after anther exsertion until the seed was 50% shattered . 

Germination tests were made at 20° C of seed from each harvest 
immediately after harvesting, at weekly intervals for 1 1 weeks, and 
at irregular intervals thereafter up to 525 days. These tests showed 
that seed of Agropyron cristatum did not germinate w^ell immediately 
after harvest, but that storage of the seed resulted in increased and 
accelerated germination. The storage period necessary for good 
germination was shorter in more mature seed. Both the germination 
immediately after harvest and the maximum germination after 
storage were higher as maturity increased. Likewise, the amount of 
time required for the completion of germination decreased with both 
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maturing and storage of the seed. Seed in the early dough stage 
reached a maximum germination nearly equal to that of later stages, 
but the storage period necessary to reach a maximum and the time 
required to complete germination were both longer. 

Germination tests were made in which seed from each harvest was 
chilled at to lo® C for one week before being germinated at 20® C. 
In seed which had been stored for live weeks, the low temperature had 
very little effect. In seed tested immediately after harvest, low tem- 
peratures reduced germination in seed up to and including that in the 
soft dough development, stimulated germination in seed in the hard 
dough, and had little more effect than a week of dry storage in more 
mature seed except in that which was heavily shattered. 

vSeed of each of several degi'ees of maturity which had been stored 
several months was germinated at several different temperatures, and 
at a favorable temperature after being chilled for seven days. Except 
for less mature seed which showed decreased germination following a 
week at very low temperatures, differences in germination of only 
slight significance were obtained at the different temperatures. 

Observations were made of seed weights, of percentages of emer- 
gence from, different depths of planting, and of heights of seedlings 
grown in darkness. These increased with greater maturity of the seed, 
but the increases were not large in seed harvested after reaching the 
hard dough stage. Best depth of planting appeared to be less than 
I inch, while only the more mature seeds produced emergent seed- 
lings at the 2 -inch depth and very little emergence occurred from 3 
inches. 

The investigations indicated that seed of high viability may be 
obtained by harvesting as soon as the early dough development, but 
that vigorous seedlings could not be expected from seed harvested 
earlier than when in the hard dough stage. 
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HEAT CONDUCTIVITY AS AN INDEX OF SOIL MOISTURE^ 
Byron Shaw AND L. D. Baver^ 

E lectrical concluctivity methods of measuring soil moisture 
have failed because the conductivity of the soil at a given 
moisture content vaires greatly with changes in the salt concentration 
of the soil sohition. A successful method of measuring changes in soil 
moisture will necessarily be one that uses some property of the soil 
and the soil solution that is not influenced by changes in the salt con- 
tent, Heat conductivity should be a property of such a system which 
would not be materially affected by the presence of ions in solution, 
since rather large changes in the concentration of a dilute salt solution 
have very little influence on the thermal conductivity. 

The heat conductivity of a dry porous medium, such as vsoil, must 
of necessity be low, since the solid materials make only point con- 
tacts. The area for continuous heat flow through soil materials is very 
small. A negligible amount of the heat is conducted hy the air in the 
pores, since air is a much poorer conductor than the soil solids. As 
water is added to the soil, the area through which heat can flow will 
increase tremendously since the water will form wedges around the 
points of contact. Water is not as good a conductor of heat as the 
solid soil material, but it is a far better conductor than air. Thus, it is 
to be expected that the heat conductivity of a soil will increase with 
its moisture content. The investigations of Patten^ bear out this 
conclusion. 

In view of the above considerations, an investigation of the heat 
conductivity of soil was undertaken with the following objectives: 
(i) To find a relatively simple method of measuring the changes in 
heat conductivity of a soil at various moisture contents; (2) to study 
the relationship between heat conductivity and moisture content; 
(3) to verify the conclusion that variations in the concentration of 
salts in the soil solution will not affect the conductivity of heat, and 
(4) to study the possibilities of using heat conductivity as an index 
of the chatiging moisture conditions of the soil in situ. 

The instrument devised for measuring the changes in heat con- 
ductivity of a soil at varying moisture contents is shown diagram- 
matically in Fig. i. It is an adaptation of the Wheatstone bridge. Ri is a 
fixed manganin resistance of about 7 ohms; R2 is a variable resistance 
box; B and C are the other two arms of the bridge. They consist of 
equiresistant coils (about 8 ohms) of No, 40 enameled copper wire 
wound on 6-mm glass tubing. Leads of large copper wire go through 
the walls of the glass tubing and are soldered to the fine wire. The 
tubes are sealed water tight. These coils are held stationary by 
tightly fitting water proof plugs in the bottom of ^-inch circular 
chambers drilled through a cylindrical brass block 3 inches in diam- 
eter and 3 inches high. The chambers are closed at the top by rubber 
stoppers. The brass block is used to maintain equal external condi- 

^Contribution from the Department of Agronomy, Ohio State University, 
Columbus, Ohio, Received for publication August 21, 1939. 

^Graduate Assistant and Professor of Agronomy, respectively. 

^Patten, H. E, Heat transference in soils. U. S. D. A, Bur. Soils Bui. 59. 
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tions for both coils and thus to eliminate the necessity of a constant 
room temperature. The chamber containing coil C is filled with oven- 
dry soil and the other chamber is filled with soil differing from that 
in the first only in moisture content. The brass block is tapped 50 
times with a harnmer to insure a packing of the soil in the chambers 
that can be duplicated, and also to establish intimate contact with 
the coils. The bridge is first balanced with dry soil in each chamber. 
The balance is obtained by varying R2 until the galvanometer shows 
no deflection. The total current through the bridge is kept constant 
at 0.4 ampere. 



Pig. I.— -Heat conductivity apparattis, 

Since the resistance of a copper wire increases with its temperattire, 
the resistances of coils B and C are dependent upon the conductivity 
of the soil surrounding them. If the heat conductivity of the soil in 
each chamber is the same, the bridge will remain balanced in spite of 
the fact the temperature of both coils is continually rising. The re«* 
sistances of Ri and R2 are not affected by temperature changes. Since 
the copper coils are equally resistant to the flow of electricity they 
gain heat at the same rate, and inasmuch as the heat conductivities 
of the materials surrounding the coils are equal, they also lose heat 
at the same rate. Thus, the temperatures of the two coils remain equal 
and so it follows that their resistances also stay equal. When the 
temperature of the coils rises to the point that heat is lost as fast as 
it is gained, the temperature rise stops. 

It can be seen that if the soils in the two chambers have different 
heat conductivities, the final equilibrium temperatures of the coils 
will be different. The coil in the material of lowest heat conductivity 
will have the highest temperature and also the highest resistance. In 
order for the bridge to be put in balance it is necessary to change the 
value of R2. This change from the original value reflects the difference 
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between the resistances of B and C and, since these resistances are 
determined by the temperature of the coils, the change is also a meas- 
ure of the difference between the heat conductivities of the materials 
in the two chambers. It is not necessary to keep the current flowing 
through the bridge until the equilibrium condition is reached so long 
as some standard procedure is adopted for all determinations. If the 
bridge is balanced with dry soil in each chamber it will still be in 

balance, as long as no current 
flows, regardless of the moisture 
content of the soil in the chamber 
containing coil B. When the cur- 
rent is turned on the bridge is 
immediately thrown out of bal- 
ance due to the unequal rates of 
temperature rise in the two coils. 
The maximum displacement from 
the balance occurs at the time 
the equilibrium temperatures are 
reached, but the displacement 
obtained at an arbitrary time 
after the current is turned on is 
equally as representative of the 
heat conductivities of the soils in 
the two chambers as is the dis- 
placement at equilibrium. An 
advantage in using a short time 
interval comes from the fact that 
in the chamber containing the 
moist soil, the moisture begins to 
move away from the coil as soon 
as the element begins to heat up. 
Approximately lo calories of 
heat are developed at the coil in 2 
minutes. This amount of heat is 
not large enough to cause any ap- 
preciable moisture movement 
since it causes only a very small 
increase in the temperature of the 
coil. Readings can be duplicated 
in from 10 to 15 minutes, or at such time as the coils have again 
cooled down to equal temperatures. 

The sensitivity of the instrument is very nearly proportional to 
the cube of the current flowing through the bridge. It is very im- 
portant, therefore, to keep the current constant during the course of 
a determination. In a series of measurements in which moisture con- 
tent is to be the only variable it is important to have the same pack- 
ing of the soir around the element in each case. This is not easily 
achieved since the chamber containing the moist soil must be refilled 
for each different moisture content. The procedure followed consists 
m using a weight of soil in the moist chamber which contains an 
amount of oven dry soil equivalent to that in the dry chamber. The 
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Fig. 2,'— Heat eondiictivity-moistitre 
curve for quarts sand. 
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brass block is then tapped 50 times with a hammer. This tapping 
compacts the soil and makes the volumes very nearly equal. Moist 
soils have a tendency to occlude air as well as to swell. These factors 
complicate the packing problem to such a degree that it is not possible 
to obtain the same compactness in every instance. As a general rule 
the samples of higher moisture content were packed more loosely. 
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Pig. 3 .-— Heat conductivity-moisture curve for Davidson clay. 

In order to study the relationship between heat conductivity and 
moisture content in different soil systems, a series of sand and clay 
were prepared with moisture contents ranging from oven dry to 
approximate saturation. In the prepai*ation a large sample of soil was 
wetted to saturation and spread in a thin layer exposed to the air. 
As drying progressed, portions of about loo grams were taken at 
intervals sufficiently long to insure different moisture contents. These 
were placed in air-tight eontainers and vigorously shaken every day 
for a period of two weeks. At this time the moisture distribution was 
very nearly uniform. Two samples were taken from a container at the 
time a heat conductivity determination was to be made. One was 
placed in the moist chamber of the apparatus and the other was used 
to determine the moisture content. During the filling of the apparatus 
both samples were exposed to the air for equal times. After the cham- 
ber was filled and stoppered, it was allowed to stand 30 minutes be- 
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fore a reading was taken. In this time interval the soil came into 
temperature equilibrium with the brass block. Readings were taken 2 
minutes after the current was turned on. 

The relationship existing betw^een the 
indicating resistance (Ro) and moisture 
content for the quartj? sand series is 
shown in Fig. 2. The steepness of the 
curve in the low moisture range shows 
the rapidity with which heat con- 
ductivity increases with moisture. This 
is a natural expectation. In the dry state 
the sand grains make only relatively few 
paths of point siz;e cross section for heat 
flow through the system. vSince sand is 
able to hold only a very slight amount of 
hygroscopic water, the added water 
takes the form of wedges around the 
points of contact. The effective area 
through which heat can flow is increased 
tremendously with only small additions 
of water. As the pores fill with water the 
effective area is further increased, but 
the rate of increase becomes less rapid. 
It is evident that the portion of the 
curve showing greatest sensitivity ex- 
tends from zero moisture to above field 
capacity. 

A curve connecting the values of R^ 
plotted against moisture content for the 
Davidson clay series is shown in Fig. 3. 
The curve does not show the initial rapid 
rise that was in evidence with sand. 
This can be explained on the basis of 
particle size and associated properties . 
Glay affords many more paths for heat 
flow in the dry state than sand. Since 
clay holds a relatively large amount of 
hygroscopic water, the first additions of 
water are not as effective in increavsing 
the area through "which heat can flow as 
they were with the sand. The water 
wedges are built up gradually and this 
leads to a gradual increase in heat con- 
ductivity. The greater variety of pore 
sizes and greater total pore space in clay 
lead to a more gradual increase in heat 
conductivity and also to a greater dif-- 
ference between the conductivity of dry 
and saturated soil. 

Having established the fact that 
heat conductivity does give an index 
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of the moisture content of the soil, it is essential to know if the 
salt concentration of the soil solution affects the results. Five series 
of quartz sand were prepared having different concentrations of 
salt in the soil solution. Uniformly distributed moisture was ob- 
tained by the method described above. The first series was wetted 
with distilled water, the second with water containing loo p.p.m, 
NaCl, the third with water containing 500 p.p.in. NaCl, the fourth 
with water containing 1,000 p.p.m. NaCl, and the fifth with water 
containing 10,000 p.p.m. NaCl. This range extends beyond the limits 
of salt content found in ordinary soils. The effect of the different con- 
centrations of salt on the conductivity of heat is shown graphically 
in Fig. 4. While there is considerable scattering of the points from the 
smooth curve, the variations can in no way be con*elated with salt 
content. The curve drawn fits the data obtained from one series equal- 
ly as well as the data from any other. The scatter of points is due 
largely to variations in packing and variations in current. The changes 
in .surface tension associated with differences in salt content increase 
the difficulty of obtaining the same degree of packing in the wet 
systems. It appears safe to conclude that changing salt concentrations 
in the soil solution will not materially affect the heat conductivity at 
a particular moisture content. 

CONCLUSION 

The results of these studies point out that the first thi*ee objectives 
of this investigation have been achieved, namely, (i) it has been pos- 
sible to devise an apparatus for measuring changes in the heat 
conductivity of a soil at various moisture contents; (2) it has been 
established that heat conductivity gives a reliable index of the mois- 
ture content of the soil; and (3) it has been shown that changes in salt 
concentration of the soil solution do not materially affect the heat 
conductivity of the soil. 

Work is now in progress to achieve the fourth objective, that is, to 
adapt the principle of heat conductivity to measuring the moisture of 
the soil in situ. The results of this phase of the investigation will be 
discussed in a later paper. 
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EFFECT OF REMOVING DIFFERENT PROPORTIONS OF 
FOLIAGE ON CONTRASTING STRAINS OF KENTUCKY 
BLUEGRASS, POA PRA TENSIS 

A, 0 . Kuhn AND W. B, Kemp^ 

T here are many species and strains of grass existing in pastures. 

It has been shown that strains within a species may vary widely 
in their morphological characteristics such as height of growth. The 
effect of height of clipping on various grasses has been studied, but 
there is no evidence that an attempt has been made to compare 
various strains of a species when an equal proportion of foliage is 
removed from all plants. 

InvovStigators (2, 3, 6, 8, 10)® have shown that different species 
react differently to variations in intensity of clipping. In general, 
investigations (i, 2, 4, 5, 7, 9, ii) into the production of forage by 
Kentucky bluegrass have shown that the amount of growth below 
the surface of the ground and the total weight of top growth tend to 
vary inversely with the frequency and intensity of defoliation. 

This paper deals with a comparison between one strain of Kentucky 
bluegrass which is tall-growing and another which is unusually low- 
growing, when like proportions of foliage are removed from each. 

METHODS 

Two strains of Kentucky bluegrass from the Maryland Experiment Station 
selections were used in this experiment. They were designated as strain 10-3 and 
strain 12-4. Strain 10-3 came originally from a field where bluegrass had grown 
for at least 50 years under conditions of little grazing. It is a tall-growing plant 
(Pig. I ). Strain 12-4 was obtained originally from an alley on the Maryland 
Experiment Station farm. The alley had been kept closely clipped and subjected 
to heavy traffic throughout the summer months. This strain is an extremely 
low-growing type. These strains had been maintained in the grass gardens at 
College Park under umform soil conditions for three years prior to their use in 
the experiment herein reported. 

Thirty lilants of each strain were taken from among small, uniform, rooted 
rhizomes and potted in the greenhouse in February. These pots w^’ere 7 inches in 
diameter and 3K mches deep and contained a sandy loam soil. 'When the plants 
had become established in the greenhouse, the pots containing the 24 most uni- 
form plants of each type were selected and x->laced in the open on a table which 
was constructed as a watertight basin in order that water might be supplied to 
the pots. The plants remained on this table throughout the experiment. There 
were five cutting tx’eatments used, each of which was replicated four times. The 
clipping point in each type of treatment was none, mid-blade, i -inch beyond 
ligule, at ligule, and belovr Hgule. 

^Contribution No, 500 from the Department of Agronomy, University of 
Maryland Agricultural Experiment Station, College Park, Md. Received for 
publication August 22, 1939. 

^Graduate Assistant in Agronomy and Professor of Genetics and Statistics, 
respectively. 

^Figures in parenthesis refer to “Literature Cited”, p. 895. 


Fig. I. — Appearance of comparable young plants of contrasting strains of 
Kentucky bluegrass. Left, strain 10-3; right, strain 12-4. 


Each individual blade of each plant was clipped separately to insure uniform 
proportionate removals. Clippings were made at two-week intervals beginning 
April 28. All of the seed and seed stalks were removed on June 15. All of the clip- 
pings obtained during the season and the entire plants remaining at the end of 
the treatments were placed in an oven at 100° P for one week, before weighing. 
The average height that each removal of clippings actually constituted was de- 
termined by a number of measurements of the tops remaining after clippings 
were made. 

EXPERIMENTAL RESULTS 

When the same proportions of foliage were removed from each of 
the two contrasting strains of Kentucky bluegrass, the tall-growing 
and the short-gmwing one, increase in severity of defoliation caused 
a similar and highly significant decrease in the production of 'roots, 
rhizomes, and tops (Table i). The weight of clippings obtained during 
the season also decreased equally on the two strains with increase in 
vseverity of defoliation. 

When the comparison between the two strains was based on com- 
parable heights of clipping rather than comparable proportion re- 
moved from the plant, there were striking differences between them 
(Table 2). A mean height of 1.40 inches resulted when strain iO'-3, 
the tall-growing one, was clipped just above the ligule, while a com- 
parable height of 1.60 inches resulted when strain i2'~4, the short- 
growing one, was left undipped. At these heights of top growth re- 
maining on the plant after clipping, strain 12-4 produced approxi- 
rnately one and a half times as much weight of tops, more than five 
times as much weight of roots, and more than eight times as much 
weight of rhizomes as strain 10-3. 
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Table i .-—Effect of severity of clipping on weight of plant material produced by 
contrasting strains of Kentucky bluegrass, IQ38. 


Clipping point 

on blade i 

1 

1 

Mean height | 
after clip- 
ping, inches 

Production in grams 

Roots 

1 Rhizomes 

Forage 

Total 

None . j 

Strain 

3.92 

2.27 i 

2.05 

1 .40 i 

1.07 1 

10-3 (Tall-g] 

67.1 

31.8 

26.1 

8.84 

6.84 

rowing) 

27.0 

20.4 

11,2 

4-85 

3-47 

69.84 

64.59 

49-32 

38.77 

35-21 

163.94 

116.79 

86.62 

52.49 

45.52 

Mid-blade 

Inch beyond Hgiile ^ 

At ligule. 1 

Below ligule. ...... 


Strain 12-4 (Low-growing) 


None 

1.60 

49.2 

39.3 

53 .v 30 

142.00 

Inch bevond 1 igule’*‘ 

1.17 

27.0 

27-3 

51.09 

105.39 

Mid-blade* 

0.90 

21.9 


51.42 

86.32 

At ligule. 1 

0.40 

9.70 1 

5.68 

38.11 

, 53.49 

Below ligule i 

i 0.20 1 

5.74 1 

2.50 

! 27.52 

1 35.76 


♦Treatments reversed because clipping at mid-blade was less than i inch from ligule. 


Table 2 . — The responses of two contrastmg strains of Kentucky hluegrass to 
comparable heights of clipping. 


Strain 10-3 

Strain 12-4 

Height, inches | 

Weight, grams 

Height, inches 

Weight, grams 


Production of Tops* 



1.40 j 

38.77 

1.60 


53.50 

1,07 1 

35.21 

0,90 


51.42 


Production of Roots 



1 .40 1 

8.84 

1,60 


49.20 

1.07 1 

6.S4 

0.90 


21.90 


Production of Rhizomes 



140 1 

4.85 

1.60 


39.30 

r.07 1 

347 

0.90 


13.00 


♦Includes both harvested material and top growth remaining when plants were removed from 
soil. 


When strain 10-3 was clipped just below the ligule a mean height 
of 1.07 inches resulted while clipping strain 12-4 so as to remove half 
of the blade resulted in a comparable height of 0.90 inch. At these 
heights of top growth remaining after clipping, strain 12-4 produced 
nearly twice as much weight of tops, three times as much weight of 
roots, and nearly four times as much weight of rhizomes as strain 

iO”3, 

SUMMARY AND CONCLUSIONS 

Two strains of Kentucky bluegrass of contrastmg habit with respect 
to height of growth were compared when like proportions of foliage 
were removed from each. Increase in severity of defoliation caused a 
similar and highly significant decrease in the production of roots, 
rhizomes, and tops. 
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When comparisons between the two strains were based on com- 
parable height of clipping rather than comparable proportions of the 
foliage removed, the short-growing sti'ain when clipped either at 
appi'oximately inches or at i inch produced strikingly more tops, 
roots, and rhizomes than the tall-growing one* 
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NOTES 

LONG-TIME STORAGE OF WINTER WHEAT 

M any investigations have been carried on to determine what 
factors enter into the successful long-time storage of wheat on 
farms. There has also been much discussion as to the length of time 
wheat can be stored and still remain viable or usable for milling 
purposes. The opportunity to secure some information on these 
questions became available in July, 1938, when a local elevator at 
Norcature, Kans., purchased 800 bushels of hard winter wheat of the 
Turkey variety from a crop harvested in 1927 and which had been 
stored in a farm steel bin for 1 1 years. The writer secured a sample 
for milling and baking determinations and also interviewed the 
grower. 

The wheat had been grown by L. P. Montgomery, Clayton, Kans., 
in 1927 on land that had produced corn in 1926. The 800 bushels 
were combined when the weather was dry and hot and stored im- 
mediately in a 1,000-bushel steel bin. The bin was of tight construc- 
tion except for a ventilator running from the outside along the floor 
to a center vertical perforated 6-inch tube having an outlet 10 inches 
above the top of the bin. The moisture content of the wheat at the 
time it was stored was not known, but the conditions under which it 
was combined would indicate that it was well below 12%. When sold 
in 1938 the moisture content was about 11%. 

The wheat was never turned, ventilated, or moved in any manner, 
and at no time during the ii years in storage did it show signs of 
heating. The wheat was never fumigated, but when removed from the 
bin in 1938 it showed no trace of any damage from insects or other 
causes. The grain contained traces of yellow berry and, in the main, 
was of good luster and almost free from cracked kernels, A sample of 
the ii-year-old wheat sown the fall of 1938 at the Fort Hays Experi- 
ment Station produced a stand equal to that from new-grown seed 
of the same variety. Seed planted in soil in the greenhouse germi- 
nated 53%. 

The rainfall and temperatures fluctuated very widely during the 
period from 1927 to 1938. For instance, the seasonal rainfall at Hays, 
Kans., which corresponds very closely to that of the region in which 
the ii-year-old wheat grew, varied from 12,8 to 26,5 inches. The sea- 
son of 1932 was extremely humid, while the seasons of 1933 to 1936 
were noted for extreme temperatures and low rainfall during the 
summer months. Periods of low temperature with much snow also 
occurred in the region during the ii years. Since the wheat was 
apparently stored when thoroughly dry and of low moisture content, 
free from weevils, and relatively free from cracked grain, the fluctua- 
tions in atmospheric moisture and temperatures were never suffleient 
to cause the grain to go out of condition. 

Milling and baking data were secured on the ii-year-old wheat 
through the courtesy of L. E. Leatherock, Chief Milling Chemist for 
the Kansas Milling Company, Wichita, Kans. The wheat had a test 
weight of 60.7 pounds per bushel, 11.0% moisture, and 11.33% Pro- 
tein, and milled out 71.6% total flour. The flour showed 0.496% ash. 
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10.00% protein, and 14*1% moisture, and was given a color score of 
100 gray. The water absorption of the flour was 62.0%, the loaf 
volume 645 cc. The crumb color was graded as 100,5 gray white, 
with a texture of 99.0. Further notes indicate that the wheat milled 
satisfactorily considering its age, that it baked a good loaf of bread, 
and that the flour gave a dough with a long mixing time and excellent 
mixing tolerance. The milling and baking results compared favorably 
with those of the adapted varieties grown in the same region in 1938. 
— A. P. Swanson, Fort Hays Experiment Station, Hays, Kansas, 


AH APPARATUS DESIGNED TO FACILITATE PHOTOGRAPHY OF 
SMALL MACROSCOPIC OBJECTS 

I N plant research as well as other fields, photography is an almost 
indispensable tool for picturing accurately to others phenomena 
observed. However, too often lack of proper equipment to give the 
“camera’s eye” the necessary detail has resulted in failure to repro- 
duce effectively the phenomena actually seen by the worker. 

The apparatus shown in Fig, 
r was designed to give a uniform 
lighting of sufficient intensity to 
allow for a long exposure neces- 
sary for good detail in photo- 
graphic reproductions. As can 
be seen in the photograph, this 
apparatus is essentially a box 
30 by 36 inches and 20 inches 
high, mounted on I'ollers. On the 
top of the box is a ground-glass 
bottom tray with the same out- 
side dimensions as the box and 
3>^ inches deep. This tray is 
water-proof and when objects 
such as root systems of plants 
are being photographed water 
is added to the tray. The roots 
flow out into a more normal position and have almost the same ap- 
pearance that they would if they could be photographed in the soil. 
An example of this is shown in Fig. 2. 

Lighting from below is supplied indirectly through the glass in the 
bottom of the tray thus eliminating minute shadows which have a 
tendency to cloud the detail. The light from photofloods (A) and (B) 
strikes the bottom of the box which has a highly polished surface and 
are reflected up through the glass bottom of the tray. Light from 
above is supplied by photofloods (C) and (D) which are mounted on 
double-jointed telescopic pipes which make adjustment to the de- 
sired height and angle easy. 



Fig. 1 .—Photographic apparatus. 
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camera (E) , in this case 
an Eastman (Recomar 33), is 
mounted with an optipod on a 
double-jointed telescopic pipe 
similar to the upper photo- 
floods. This gives the camera a 
rigid mount and allows for easy 
manipulation for the proper 
height and centering of the ob- 
ject being photographed. The 
camera should have a ground- 
glass focus which aids consider- 
ably in close-up photography. 

This piece of equipment was 
constructed in our laboratory 
and has been used in photo- 
graphing a wide variety of ob- 
jects, including plant roots, 
stems, leaves and seeds, petri 
dishes showing colony growth 
of bacteria, copying graphs, and many other objects occup^dng an 
area ranging from 10 to 500 sq. in. and has given excellent results. 
The approximate cost of construction, complete except for the 
camera, is about $20. Besides the saving in time and film, this equip- 
ment has more than paid for itself with photographs having greater 
detail and accuracy.— J. C. Burton and L. W. Erdman, The Nitragin 
Cmnpany, Inc,, Milwaukee, Wis. 


Fig. 2. — Nofhilation produced by root 
nodule bacteria on red clover. 


BOOK REVIEWS 

ELEMENTS OF PLANT PATHOLOGY 

By Irving E. Melhus and George C. Kent. New York: The Macmillan 
Company. X+^pj pages, Ulus. iqjq. $4. 

T his is an excellent textbook for students who wish to complete 
their knowledge of plants. It will introduce to them the fact that 
plants do sicken, that they need medical assistance, that such assist- 
ance is available, and that it constitutes a branch of knowledge 
worthy of college attention. 

The objects as set forth for the book are (i) to appreciate the in- 
fluence of plant pathology on human affairs, (2) to acquire an under- 
standing of health and disease in plants, (3) to understand the 
phenomena of parasitism, and (4) to acquire as much information as 
possible about the characteristics of diseases, their symptoms, cause, 
and control. A series of chapters deals with diseases classified accord- 
ing to cause including fungi, seed plants, nematodes, viruses, and non- 
parasitic agents. Reference to investigators is quite properly omitted 
in the interest of brevity and lucidity except where the name of the 
authority is of classical importance. 

The authors have made a refrCvShing departure from the current 
practice of teaching plant pathology. They recognize that the .subject 
is no longer just a study of organisms associated with sick plants. 
They have minimized the emphasis on mycology and have shifted it 
to parasitism. This, however, is chiefly a shift from taxonomy of the 
fungus to physiology. The fungus is still the major interest. Since the 
term, plant pathology, means a study of diseased plants, it is un- 
fortunate that the authors did not complete the inevitable step and 
place the emphasis on the diseased plant itself , on its ability to with- 
stand the disease, and on the factors that affect its ability to with- 
stand disease. It seems that they might well have placed the emphasis 
where it is placed in animal pathology, on the organism that is dis- 
eased. In any case the text seems to warrant careful scrutiny by any 
teacher who needs a very readable, non-technical presentation of the 
present field of plant pathology. (J. G, H.) 

GERMAN-ENGLISH SCIENCE DICTIONARY 

By Louis de Vries. New York: McGraw-Hill Book Co., Inc. X+473 
pages. 1939- $3- 

T his dictionary has been compiled for students in the agricultural, 
biological, and physical sciences. The author is Professor of 
Modern Languages at Iowa State College and had the collaboration 
of members of the Graduate Faculty in the preparation of this 
volume. Among these latter wilh be found several names familiar to 
agronomists, including J. M. Aikman in plant ecology, A. E. Brandt 
in statistics, R. E. Buchanan in bacteriology, R. M. Hixson in plant 
chemistry, E. W. Lindstromin genetics, J. N. Martin in plant mor- 
phology and cytology, I, E. Melhus in plant pathology, F, B. Smith 
in agronomy, and others. 
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No attempt has been made to compile a complete list of names of 
all animals, plants, insects, or chemical compounds, but rather re- 
course has been had to the facilit^r with which the German language 
lends itself to the compounding of words. In the 48,000 entries, 
therefore, stress has been placed on root stems from which the student 
can derive the meaning of almost any compound he would encounter. 
A list of abbreviations with both the German and English meanings 
is appended. 

Well printed in a 5- by 7-inch size and with a flexible cover, the 
book makes an attractive and convenient volume for the student's 
desk. (J. D. L.) 

GROWING PLANTS WITHOUT SOIL 

By Ll R, Mailin. New York: Chemical Pub, Co,, Inc, VTJ+IJP 
pages, Ulus, igjg. $2. 

T his is an enthusiastic (perhaps over-enthusiastic) discussion of 
the growing of plants in nutrient solutions. The over-enthusiasm 
of the author is shown by his statement that, “The greatest ad- 
vantage of chemiculturc lies in the direction of improving the quality 
of food products, of mineralizing the foods,” etc. As an example of 
“mineralizing” foods, he states that “Dr. Charles Norther of Orlando, 
Florida, grew celery which upon chemical analysis showed twice the 
mineral content of the best grown elsewhere,” The author seems to 
have overlooked the fact that the much publicized “mineralized” 
vegetables of Dr. Norther were grown in soil. 

The first 46 pages of the book are devoted to a rambling but en- 
thusiastic discussion of growing plants without soil highlighted by 
such startling statements as annual returns of $50,000 per tank-acre 
and the very low cost of the essential chemicals in loo-pound lots to 
show “why chemiculture is so inexpensive.” 

The remaining 91 pages are devoted to such unrelated subjects as 
making cuttings, hormones, budding, vitamins, list of state flowers, 
addresses of all agricultural experiment stations, and other mis- 
cellaneous material. (C. B. S.) 

HANDBOOK OF CHEMISTRY 

Compiled and edited by N, A. Lange, assisted by G, M, Porker and 
R, S. Burington, Sandusky, Ohio: Handbook Publishers, Inc, Pd. 3. 
XVIII+1830 pages. Fahricoid. ipjp, $6. 

T here are several points which make this volume superior to all 
other works of its kind. The clearness of presentation as well as 
of the printing are beyond criticism in spite of the enormous quantity 
of information contained in the Handbook. There is an increase of 
about 50 pages in the text and a small increase in the index. 

The summarizing treatment of various groups of materials, as for 
instance the tables giving the melting point of various organic com- 
pounds, is of much help to the worker looking for general information 
on any subject. The quantity and variety of information included in 
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the volume make it not only useful but almost a necessary help to all 
dealing with the sciences. (Z, I. K.) 


AGRONOMIC AFFAIRS 

PROFESSOR SHAW, PROFESSOR MUSBACH, AND 
PROFESSOR HUTTON 

S OIL science in general and the American Society of Agronomy 
and the Soil Science Society of America in particular lost three of 
its outstanding personalities during the past few weeks in the deaths 
of Professor Charles F. Shaw of the University of California, Profes- 
sor F. L. Musbach of the University of Wisconsin, and Professor J. G* 
Hutton of South Dakota State College. 

Professor Shaw died on September 12, following a brief illness. He 
had long been an active member of the American Society of Agron- 
omy and also participated actively in the Soil Science Society of 
America, the International Society of Soil Science, and many other 
organizations. 

Professor Musbach was killed in an automobile accident on Sep- 
tember 14. He had been active in the American Society of Agronomy 
since the second year of its organization and at the time of his death 
was in charge of the soil investigations on the branch experiment 
stations of the University of Wisconsin. 

Professor Hutton died at Brookings, South Dakota, on September 
23. He had been continuously in the position of Associate Agronomist 
and later Professor of Soils in South Dakota State College, and in 
charge of soil research at the South Dakota Agricultural Experiment 
Station, since 1911. Just recently he published South Dakota Experi- 
ment Station Bulletin No. 325 entitled, “Thirty Years of Soil Fertility 
Investigations in South Dakota”. 


THE TRANSACTIONS OF THE THIRD COMMISSION 

T he Transactions of the meeting of the Third Commission of 
the International Society of Soil Science made its appearance 
just preceding the meeting of the Commission at New Brunswick, 
N. J., the latter part of August. The volume makes 185 pages and is 
paper covered. 

Dedicated to Doctor J. G. Lipman, the volume opens with a tribute 
to Doctor Lipman by Doctor D. J. Hissink. There follows then the 
twenty-five papers presented before the Commission under the three 
general headings of “Legumes and. Legume Bacteria,” “Micro- 
biology of Soil Organic Matter’!, and “Azotobacter and Its Signifi- 
cance in Soil Processes'’. A list of the papers on soil microbiology 
presented before the Third International Congress for Microbiology 
in New York City early in September is appended. 
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THE 1940 TOBACCO EERTITIZATION RECOMMENDATION S 

R ecommendations for the fertilization of flue-cured, ^ sun- 
-cured, and shipping tobacco to be grown on average soils in 
Virginia, North and South Carolina, Georgia, and Florida in 1940 
have been prepared by the joint Tobacco Research Committee of 
which Professor C. B. Williams of the North Carolina State College 
of Agriculture at Raleigh is chairman. The report is in mimeographed 
form and may be obtained upon request to Professor Williams. 


ABSTRACTS OF LITERATURE PERTAINING TO 
BIOCLIMATOLOGY AND BIOMETEOROLOGY 

ANNOUNCEMENT has been made by Biological Abstracts 
Ix of a moi*e complete abstracting service and segregation of the 
current research literature in biocliniatology and biometeorology. A 
section entitled ‘'BiocHmatology-Biometeorology” will soon appear 
within the section on “Ecology” in Biological Abstracts, with 
Robert G. Stone of the Blue Hill Observatory, Harvard Univei*sity, 
as editor. 


ERRATUM 

I N the article entitled “Heat Resistance in Oat Varieties” by 
^ Franklin A. Coffman, pages 81 1-817 in the September number of 
this Journal, the word “inhibitional” in line 7, paragraph 2, under 
“Discussion” on page 816, should read “imbibitional”. 
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THE OXIDATION-REDUCTION POTENTIAL OF ALKALINE 
CALCAREOUS SOILS IN RELATION TO PUDDLING 
AND ORGANIC MATTER DECOMPOSITION^ 

T. F. Buehrer, W. P. Martin, AND R. Q. Parks^ 

ALTHOUGH the study of redox potentials of soils has in recent 
years received attention at the hands of numerous investigators 
(r, 3, 8, 15, 18, 21, 23),® such studies have been confined almost en- 
tirely to soils of humid regions and to the behavior of soils under 
water-logged conditions. By way of contrast, the alkaline calcareous 
soils of the desert present certain characteristics which offer oppor- 
tunity for application of the redox potential method. They contain 
an exceedingly active microflora and the decomposition of organic 
matter proceeds at a very rapid rate, as has been shown by, Ober- 
holzer (14). Because of their low organic matter content, such soils 
easily pass into the puddled state when cultivated under irrigation, 
as found by McGeorge (ii). Under such circumstances anaerobic 
conditions have been shown to exist by Breazeale and McGeorge (4) 
with attendant loss of nitrogen by denitrification and serious in- 
hibition of plant growth. These authors showed further that the in- 
corporation of organic matter in a puddled soil will not of itself cor- 
rect the puddled condition and that the toxic substances formed in 
the anaerobic decomposition are at times so stable that they are not 
readily oxidized to non-toxic forms when the soil is allowed to dry 
out and become thoroughly aerated. 

It seemed of interest, therefore, to apply this method to some typi- 
cal desert soils in their normal and puddled states, and in the presence 
and absence of actively decomposing organic matter. The present 
paper presents the results of certain phases of this investigation. For 
purposes of comparison a similar study was conducted on a typical 
soil from a humid region. 

^Contribution from tHe Department of Agricultural Chemistrjr and Soils, 
Arizona Agricultural Experiment Station, Tucson, Ariz. Published^ with approval 
of the Director. Also presented before the Western Society of Soil Science, Stanford 
University, Palo Alto, Calif., June 26-28, 2939. Received for publication August 
^ 939 - 

^Physical Chemist, Assistant Soil Microbiologist, and Graduate Assistant, re- 
spectively. 

^Figures in parenthesis refer to “Literature Cited”, p. 9I4- 
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METHOD OF Eh MEASUREMENT 

The technic of measnrement employed was substantially that of Brown (5), 
with certain modifications to make the method applicable to the soils being 
studied. The electrode system consisted of a bright platinum wire welded to the 
copper wire leading to the potentiometer, and a calomel cell made up with satu- 
rated potassium chloride and connected with the .soil suspension by way of 
an agar bridge. The potentials were measured with a Leeds and Northrop 
potentiometer. The authors desire to emphasize at this point the difficulties which 
may be encountered when the conventional mercury contact between the plati- 
num electrode and the potentiometer wire is employed. Very erratic potentials 
were obtained under these conditions which were attributed to a poisoning effect 
of the mercury. The results of a few typical experiments in this connection are 
shown in Fig. i. It will be seen that concordant xiotential values could not be 
secured with any group of three electrodes unless the mercury contact was elimi- 
nated (Fig. I, D). After rather exhaustive tests with 18 electrodes, prepared in 
the above manner, it was found that as many as 12 electrodes in one soil suspension 
agreed to within 2 millivolts, and when distributed into as many as six duplicate 
samples of a given soil, they agreed to within 3 or 4 mv. The potentials were usu- 
ally constant and in substantiaL agreement within 15 minutes after insertion of 
the electrodes. 




Fig. I. — Reproducibility of metal electrodes for Eh measurement. 
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Another factor of importance is the time of standing before the measurement 
is made. Investigators have found it difficult to obtain reproducible results in soil 
suspensions because the potentials tended to drift over wide limits. Peech and 
Batjer (16) and Bradfield and co-workers (3) avoid this drift by suspending the 
soil in o.r N sulfuric acid solution which they claim serves to poise the system 
more effectively. In alkaline calcareous soils such treatment is not desirable^ since 
the acid brings substances into solution which affect the potential, Volk (20) found 
an average difference of over 200 mv. between the potentials of soil: water suspen- 
sions and the same soils suspended in sulfuric acid. 

Other workers have recommended allowing the suspensions to stand, for vary- 
ing lengths of time before making the Eh measurements. Darnell and Eisen- 
menger (7) recommended shaking the sample for 2 to 3 days, while Peech and 
Batjer (16) allowed their syspension to stand for 24 hours. Brown (5) suggests 
centrifuging the suspensions with the platinum electrodes in place. Experiments 
in the present investigation showed that the latter procedure slowed up the 
attainment of equilibrium unless the electrodes were placed in the soil paste at 
the bottom of the tube. 

It is also evident that when organic matter is added to a soil, the reducing con- 
ditions thus imposed will cause the Eh value to decrease, and it becomes important 
to know the time interval within which the value remains constant. An experi- 
ment was therefore carried out with i *,5 water suspensions of an arid and a humid 
soil, both with and without organic matter (alfalfa), in which the potentials were 
observed over an extended x^eriod of time (24 hours). 

The curves so obtained, which are tyi)ical of numerous experiments of this 
kind, are shown in Fig. 2. It is found that where organic matter had not been 
added, the x3otential remained constant throughout the x^eriod of measurement. 
When alfalfa was added to the samx^les, however, the potential remained constant 



Fig, 2.— Change in Eh of Clarion silt loam and Laveen loam during period 
of measurement, both in presence and absence of alfalfa, 
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for only 20 to 30 minutes, thereafter decreasing sharply with the time. In all 
subsequent studies the readings were therefore taken within 30 minutes after 
preparation of the suspensions. Some investigators (5, 20) have considered it 
necessary to remove oxygen from the soil suspensions before making the Eh 
measurements because, as shown in a subsequent section, depletion of the oxygen 
by an active soil microfiora when in contact with the medium for long periods of 
time leads to a drop in the i)otential. Inasmuch as equilibrium was reached in our 
experiments before an appreciable change in redox j^otential occurred, even in the 
presence of fresh alfalfa, removal of the oxygen present with nitrogen was un- 
necessary. 

It might be mentioned at this point that the authors were unable to secure 
reproducible results on soils at field moisture contents by the procedure of Bur- 
rows and Cordon (6), This difficulty may have been due to imperfect contact of 
the electrodes with the sample; it was eliminated by the use of w^ater suspensions 
of the soils after they had been incubated at an optimum moisture content. 

PROCEDURE FINALLY ADOPTED 

Susi;)ensions of the soil in a ratio of i part of soil to 5 of water were allowed to come 
to a constant temperature of 30® C in the water bath. Before the electrodes were 
placed in the suspension, they were rinsed with water, heated to redness in a 
Bunsen flame, rinsed again, and inserted in the suspension bottle. The samples 
were shaken and the potentials measured at 5-minute intervals over a period of 
20 to 30 minutes. The observed values were calculated to the normal hydrogen 
electrode taken as gjero and to a constant reference pH value of 7.0, 

Eh-pH RELATIONSHIPS IN SOILS 

Since the redox potential is a function of the pH value of the soil, 
it is necessary to convert observed Eh values to the same pH value in 
order to make the data comparable for different soils. Before such a 
conversion can be made, it is obviously necessary to find the pro- 
portionality factor between these two quantities. Willis (22), Heintze 
(8),^ Bradfield and associates (3), and others have shown for a wide 
variety of soils that when Eh values are plotted against pH values, a 
straight line of negative slope is obtained. This result is consistent 
with the thermodynamic equation for the redox potential of known 
organic systems as derived by Hewitt (9) and Michaelis (13). 

^ In vStudying the Eh:pH relationship, it has, as previously men- 
tioned, been customary for investigators (3, 16,, 19), to change the pH 
of the soil by adding different amounts of acid and base before meas- 
uring the redox potentials. It has been assumed that these additions 
do not change the true Eh of the system. However, the acid may bring 
iron and other inorganic oxidizing agents into solution and seriously 
affect the potential. Since the organic (humus) constituents of the 
soil are slightly soluble in acids and therefore also extensively soluble 
in alkalies, such treatment may change the ratio of oxidant to re- 
ductant present in solution. Since the arid soils which constitute the 
basis of the present study were nearly all calcareous and high in iron, 
the method of acid-base addition was found to be unsatisfactory. 

The results of such studies made by various investigators are shown 
in Table i and Pig. 3. In some instances the curves deviate strongly 


BUEHRER, ET AL. : OXIDATION-REDUCTION POTENTIAL 


Table i. — Comparison of Eh : pH ratios for differetit soils as found by different 

investigator sJ^ 


Designa- 
tion of 
curve ill 

Fig. 3 

vSoil 

dEh/dpH 

Investigators 


Acid- Base Addition Method 


A 

Clarion silt loam | 

-0.076 

Buelirer, Martin, and 
Parks 

B 

Sassafras silt loam 

-0.066 

Buehrer, Martin, and 
Parks 

C 

Palos Verdes gravelly sandy loam 

-0.076 

Buehrer, Martin, and 
Parks 

D 

Pima loam 

-0.083 

Buehrer, Martin, and 
Parks 

E 

Average of 5 Palestine soils 

- 0.053 

Puri and Sarap (17) 

F 

North Carolina peat 

-0.067 

Willis (22) 

G 

W ell oxidized N e\v Y ork soil 

-0.100 

Bradfield, Batjer and 
Oskamp (3) 

H 

Reduced soil, high in organic mat- 


Bradfield, Batjer and 

QH 

ter j 

Equi-molal mixture of quinone! 

- 0.093 

Oskainp (3) 

and hydroquinone 

-0.059 

Michaelis (13) 


Sandy soils from Massachusetts 

-0.054 

Darnell and Eisen- 
menger (7) 


Colloid from Ohio soils 
Well-oxidized silt loam subsoil 

-0.059 

Kohnke (10) 


from New York 

Slightly reduced silt loam subsoil 

—0.066 

Peech and Batjer (16) 


from New York 

“O.063 

Peech and Batjer (16) 


Average of several English soils 

—0.060 

Heintze (8) 


Amity clay loam from Oregon 

—0.080 

Stephenson, Schuster 
and Spulnik (18) 


Average of 1 32 Alabama soils 

Dilution Met 

-0.067 

hod 

Volk (20) 


Tucson loam 

~o.o68 

Buehrer, Martin, and 
Pai*ks 


Mohave claj'- loam 

-0,068 

Buehrer,: Martin, and 
Parks 


Pima loam | 

-0.069 

Buehrer, Martin, and 
Parks 


Pima silty clay loam 

—0,066 

Buehrer, Martin, and 
Parks 


*In Table l and Fig. 3 the data recorded for other investigators have been taken from pub- 
lished papers and are subject to the errors inherent in the process of obtaining slopes from the small 
published graphs. 


from linearity; nor are the slopes of the lines equal. Their average 
value is found to be about *-0.075, which considerably greater than 
the theoretical value, ”0.060. This difficulty was obviated by taking 
advantage of the fact, pointed out by Baver (2) and by McGeorge 
(12), that when an alkaline soil is continuously diluted, the pH value 
increases, attaining a limiting value at a soil:water ratio of 1:10 and 
thereafter remaining constant. At dilutions ranging from to 1 125, , 
the pH values of such soils may increase by as much as 1.5 units. 
This phenomenon makes it possible to secure a pH change in the soil 
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by simple, spontaneous hydrolysis without disturbing the Eh value 
of the soil, except insofar as it may be influenced by the pH change 
itself. 

The results so obtained are shown in Fig. 3 in which the soihwater 
ratios were varied from i :i: to i :2 5. The curves, almost without excep- 
tion, are strictly linear, and the slope is found to have an average value 
of “~o.o68. This value approaches close to the theoretical -"O.060 slope 
for some of the common organic oxidation-reduction S3?'stems such as 
the quinone-hydroquinone (13), succiiiate-fumarate (9), and lactate- 
pyruvate (9) systems, the latter two being common in carbohydrate 
decomposition. 



Fig, 3. — Left, variation of Eh with pH by acid-base addition; right, variation 
of Eh with pH by dilution method, 

A comparison of the slope values obtained hy the two methods is 
shown in Table i. It will be seen that those in which the slope was 
determined by the acid-base addition method were principally humid 
soils, about half of which gave values averaging close to the theoretical 
value. The remainder, which included two desert soils, namely, Pima 
loam and Palos Verdes sandy loam, gave slopes considerably greater, 
i.e,, of the order of -0,080. The group of four desert soils studied by 
the dilution method gave closely concordant values averaging -0.068. 
The latter value was accordingly employed in calculating the Eh 
values to the chosen reference pH value of 7.0. 

INCUBATION STUDIES 

For the incubation vStudies two soils were used: Mohave clay loam, 
a typical arid soil, and Clarion silt loam, a humid soil from Iowa. 
Part of the samples were treated with alfalfa; part left untreated. 
Part of the samples were kept continuously in the puddled condition 
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throughout the period of incubation ; others were left unpuddlcd. All 
combinations and permutations were tried, and the experiment was 
carried out in duplicate. 

The samples were placed in large petri dishes, inches in diam- 
eter and ^4 mch deep, maintained at the optimum field moisture 
content, and incubated at 30° C. They were puddled and repuddled 
daily by working with a spatula. Vertical sections of the soil were 
taken periodically with a large cork borer and diluted i :5 for the 
redox potential measurements. The pH determinations were made 
on a separate portion of each suspension with the Beckman pH 
meter. 



Pig. 4..— Left ^ variation of Bh of Mohave clay loam with time of inoubation; 
right, variation of Eh- of Clarion silt loam with time of ineubation. 


By way of correlation with the Eh data, the rate of decomposition 
of the alfalfa was observed by. measuring the. carbon dioxide evolved. 
Sixteen samples similar to those above were prepared in 500-cc 
Erlenmeyer flasks. The^^ were kept moist and^a portion of them 
puddled daily, but the flasks were stoppered during the incubations. 
Daily carbon dioxide determinations were made by absorption in 
barium hydroxide according to the customary procedure. 

The results are shown in Pig. 4 for Mohave clay loam and Clarion 
silt loam. The curves in these two figures are: strikingly similar. The 
carbon dioxide evolution curves show that puddling of the soils de- 
creased the rate at which alfalfa underwent decomposition to the end 
products of carbon dioxide and water. Even in the untreated samples, 
which contained less than 1% of organic matter, puddling decreased 
the rate. 

Reflecting the differences in decomposition rate as indicated by 
carbon dioxide evolution, puddling also has a marked influence upon 
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the Eh value of the soil. In. the untreated samples after lo days’ in- 
cubation, puddling resulted in an Eh value some 40 to 50 mv. lower 
than for the same soils under normal conditions. When^ alfalfa was 
present puddling caused an extremely large drop in potential, amount- 
ing in 30 days to approximately 400 mv. 

A striking feature of these curves is the marked initial drop in 
potential in all cases where alfalfa was present, whether the samples 
were puddled or unpuddled. This drop was followed by a sharp in- 
crease which tapered off to a limiting value. In the case of the puddled 
soils, there was a similar sharp increase following the initial drop, 
but instead of attaining a constant limiting value, the Eh again 
decreased to a final limiting value. Comparing this behavior with that 
of the carbon dioxide evolution curves, we note the complete absence 
of such a lag phase during the initial stages of the decomposition 
process. This phenomenon cannot be attributed to changes in mi- 
crobial activity in the samples. Another possible explanation suggests 
itself, however. It has been observed that when an inert electrode is 
immersed in a sugar solution, such as sucrose or glucose, the electrode 
potential falls. This effect is thought by Hewitt (9) to be due to some 
unknown oxidation-reduction system present in the sugar solution. 
Perhaps a negative potential is assumed by the soil while the water- 
soluble carbohydrates are still present in appreciable amounts, but 
since they are promptly utilized by the micro-organisms, the potential 
may rise and assume a value characteristic of the less soluble but 
readily available fractions, such as the hemicelluloses and celluloses. 

A similar effect was observed in another experiment illustrated in 
Fig. s iti which the samples were incubated under normal, that is, 
unpuddled, conditions. Here again a marked drop in the potential 
was observed, the difference in the minimal Eh values between the 
untreated soil and the same soil treated with 1% alfalfa was as high 
as 150 mv. This phenomenon has also been observed by Darnell and 
Eisenmenger (7) who attributed the difference to oxygen depletion. 
In the present case the writers do not believe the effect to be due to 
the oxygen potential but rather to peculiar characteristics of the 
metabolic products of alfalfa, since both the treated and untreated 
samples had been suspended in distilled water from the same source 
and the potential determined before any appreciable change in the 
partial pressure of oxygen could have taken place. 

OXYGEN POTENTIAL 

It was considered of interest at this point to determine whether or 
not the assumption of an oxygen potential as entering into the meas- 
urement of the redox potential of a soil was justifiable. Untreated 
samples of Pima loam were suspended in water and redox potential 
measurements made at periodic intervals. The dissolved oxygen 
present was removed from the suspensions by aspirating with nitro- 
gen. The results are shown in Fig; 6A. It should be emphasized that 
no organic matter had been added to this sample. 

It appears that the oxygen potential must enter in some way into 
the redox potential, since the value of the latter in a nitrogen atmos- 
phere dropped about 300 mv. in less than 10 hours’ time. No change 
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in potential occurred in the suspension through which no gas was 
passed indicating that bacterial action was probably so slow that the 



bacteria were incapable of utilizing the oxygen faster than it could 
diffuse in from the atmosphere, or of accumulating sufficient reduced 
products under the water-logged conditions to lower the potential. 
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On the other hand, when oxygen was passed through the suspension, 
a marked rise in the potential resulted. 

An experiment similar to the preceding was carried out, but in 
this case alfalfa had recently been incorporated with the soil and 
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allowed^ to decompose partially before preparation of tlie water 
suspensions. The results are plotted in Fig. 6B. It will be observed 
that an immediate sharp drop in potential occurred in both the sample 
through which no gas was passed and the one treated with nitrogen. 
In the case where oxygen was bubbled through, the potential re- 
mained constant until the bubbling was stopped, and thereafter it 
dropped sharply. It will also be noted that the Eh value of all three 
samples eventually became substantially constant and equal to ap- 
proximately 50 mv. 

This behavior may be accounted for in two ways, (i) the drop 
in potential may be due to a depletion of oxygen from the medium, 
either as a hydrogen acceptor in the decomposition process or by 
having been swept out of the suspension by the carbon dioxide pro- 
duced in the decomposition; or (2) it may be due to the accumulation 
of reduced compounds from either reversible or irreversible oxidation- 
reduction systems. In this case the oxygen passing through the sus- 
pension prevents a drop in the potential by maintaining aerobic 
conditions. 

That the latter explanation holds in part for puddled soils which 
are anaerobic in their environment is indicated by the fact that wide 
differences in potential existed between these soils and those in the 
unpuddled state, even though both were suspended in distilled water 
with identical amounts of oxygen pi'esent and measured before any 
appreciable change could occur. Since an identical amount of oxygen 
was present in each case, the differences must be attributed to some 
cause other than oxygen depletion. 

SUMMARY 

1. A study has been made of the redox potentials of arid alkaline 
soils with respect to organic matter decomposition, puddling, and 
Eh-pH relationships. 

2. It was found that the Eh-pH relationship in such soils could be 
more satisfactorily studied by making use of the pH change diic to 
simple dilution with water than by adding acid or alkaline solutions. 
The slope of the line for such soils is found to be -*-0.068, which ap- 
proximates closely to the theoretical value for the organic systems 
commonly present during carbohydrate decomposition, 

3. Puddling causes a marked decrease in the redox potential, par- 
ticularly when the soil has been treated with alfalfa. It is believed 
that factors other than oxygen depletion are responsible for this de- 
crease. 

4. A sharp initial drop in the potential occurs in both puddled and 
unpuddled soils that have been treated with alfalfa. This effect may 
be attributed principally to the nature of the reduced compounds 
formed during the decomposition. 

5. Measurements of redox potential made in an atmosphere of 
nitrogen and oxygen, respectively, give evidence of the existence of 
an oxygen potential, inasmuch as the redox potential drops sharply 
when nitrogen is bubbled through and increases in the presence of 
oxygen. 
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the relation between soil reaction, erosion, 
AND aggregation OF SILT AND CLAY IN 
CLARKSVILLE LO AMI 

H. T. Rogers^ 

W HILE studying the effect of soil reaction on the growth and 
composition of annual flowers, Shear (t6)^ observed that the 
more acid plats of Clarksville loam were undergoing severe erosion. 
Fig. I shows the eroded condition of one of the most acid plats. 

The role of calcium in the formation of water-stable aggregates in the soil is 
controversial. Bradfield (4, 5) found that the coagulating value of a colloidal claj^ 
varied widely with slight changes in H-ion concentration. Reporting on the re- 
lation of exchangeable cations to the physical properties of soils, Baver (i) con- 
cluded that H-saturated soils were always less flocculated than the original un- 
treated soil and that hydrogen flocculated the coarser particles but had a peptizing 
effect on the colloidal material. 

More recently these investigators have pointed out some of the limitations of 
calcium in producing a desirable soil structure. Baver (2) stated that factors other 
than Ca-ion saturation are dominant in causing stable aggregation and Bradfield 
(6) pointed out that the formation of water-stable aggregates is much more than 
flocculation of colloids. 

Greenhouse and laboratory investigations by Peele (12, 13), Lutz (9), and 
Browning (7) show that calcium in itself plays a minor role in improving the 
structure of heavy- textured soils. Metzger and Hide (10) found that liming im- 
proved the aggregation of a silt loam soil which had an original pH of 5.7 when 
followed by a growth of sweet clover or red clover but had no beneficial effect on 
the aggregation of unleached fallow soil in the greenhouse. It is generally conceded 
that an interaction of factors may be responsible for the flocculation, granulation, 
and aggregation of soil colloids. 

DESCRIPTION OF AREA AND PLAT TREATMENTS 

The five i /40-acre plats of Clarksville loam used in this study were remarkably 
uniform in texture and had an original pH of 5.3. The 5 to 7 inches of yellowish- 
gray loam surface soil were underlain by a brownish-yellow, friable clay loam. 
Elevation readings showed the micro-relief of the area to be very uniform with 
8.7% slope to the southeast. The treatments of the plats selected and the result- 
ing pH, along with the textural composition of the surface soil are shown in Table i . 

Ground limestone and Al2(S04)3 were applied at the indicated rates to the 
surface of these plats. They were plowed several times during the summer of 1933 
and subjected to clean cultivation of annual flowers for the next three years. 
Small grain cover crops were seeded in the fall of 1933 and again in 1935. A rye 

^Contribution from the Department of Agricultural Engineering, Virginia 
Agricultural Experiment Station, Blacksburg, Va. Received for publication 
August 16, 1939. 

2 Assistant Soil Technologist; now on leave of absence as Research Fellow in 
Soils at Iowa vState College, Ames, Iowa. The author gratefully acknowledges 
assistance and suggestions from Dr. G. M. Shear, Asst. Plant Physiol., and 
J. H, Lillard, Asst. Agric. Engin,, of the Va. Agr. Exp. Station. 

^Figures in parenthesis refer to "Literature Cited”, p. 922. 


9x5 


gi6 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

cover crop which was grown during the winter of I935"36 was cut and raked off 
the following spring. During 1937 and 1938 the plats were left to volunteer weeds 
and grasses. 

As can be seen in Fig. i the more acid plats supported a poorer growth of 
vegetation. Seven of the 13 varieties of flowers grown obtained their average 
maximum growth at a soil reaction between pH 7.0 and 7.5, according to Shear 
(16). The other six varieties made their best growth at a pH between 5.5 and 7.0. 


Table j . — Treatment, texture of soil, resulting pH, and extejit of erosion of plats. 


Plat 

Treatment ( 1933), 

Texture of soil, % 

pH 

Degree of erosion 

No. . 

lbs. per acre 

Sand 

Silt 1 

Clay 

(1938) 

I 

6, 1 20 lbs, Al aCSO,,) 

38.6 

41.9 

19*3 

4.46 

Severe sheet erosion 

2 . 

1,933 lbs. 

40.6 

39*2 

20,2 

4.78 

and incipient gully- 
ing 

Moderate sheet ero- 

3 

None 

36.4 

1 

! '45-1 ! 

18.5 

5*32 

sion with rills evi- 
dent after intense 
rains 

vSlight .sheet erosion 

4 

11,680 lbs. ground 
limestone 

34* I 

46.6 ! 

19-3 

7.26 

Very little sheet ero- 
sion and plot well 

■ ; .5 ; ■ 

1,933 Itis. AUCSO,), 

and 40,000 lbs. 
ground limestone 

40.2 

, 

■ 42-5 

17*3 

7.41 

stabilized for culti- 
vated land of this 
slope 

Not appreciably dif- 
ferent from plat No. 
4 



Fig. I. — Severe erosion on acid plats of Clarksville loam, Blacksburg, Virginia. 
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PROPERTIES OF SOIL INVESTIGATED AND METHODS EMPLOYED 



Fig. 2. — Soil sampling apparatus for 
aggregation studies. 


In order to determine whether the relationship observed in the field between 
soil reaction and extent of erosion could be attributed, in part at least, to certain 
physical properties of the soil which have been recognized as factors influencing 
erodibility, the state of aggregation of the surface soil on the different plats was 
investigated by a combination of wet-sieving and hydrometer methods of analysis. 
Thirty-five soil samples were taken during the period of June, August, and 
November, 1938, with a 3-inch 
core sampler (Fig. 2) and air dried • . • 

for aggregate analysis studies. A 
modification of the wet screening 
method developed by Yoder (18) was 
employed to determine the distribution 
of coarse aggregates> o.r mm in size. 

The factor “degree of aggregation” 
was calculated from hydrometer 
analyses of the silt and clay content 
of completeh^ dispersed and undis- 
turbed soil samples. A i)rocedure was 
used for the hydrometer aggregate 
analysis in which a 50-gram sample 
of soil was permitted to slake through 
a 5-mm sieve in a shallow pan of 
water before transferring to the 
hydrometer jar. Except for this 
technic the procedure varied only 
in some of its details from the method 
suggested by Bouyoucos (3) and gave 
close checks on duplicate samples. 

A glass electrode pH meter was used 
to determine the H-ion concentration 
of these samples. Organic matter was 
calculated from total carbon determina- 
tions which were made with a Fleming combustion furnace using ascarite 
absorbent. “Soluble” aluminum vaktes were taken from a curve (Fig. 4) based 
on data presented by Shear (16). He secured the data from surf ace soil samples 
of this experimetital area, using Morgan’s (ii) sodium acetate extracting solution. 


DISCUSSION OF RESULTS 

DEGREE OF AGGREGATION AND H-ION CONCENTRATION 

Field observations of the behavior of these plats vshowed increasing 
vsheet erosion as the acidity increased, irrespective of Al2(S04) 3 or 
other treatment (Table i). These ratings as to extent of erosion which 
had occurred were made at the end of the five-year period. It \yas 
apparent after the first year that some of the plats were undergoing 
severe sheet erosion which continued at an accelerated rate as the 
experiment progressed. The amount of plant growth on the dife- 
ent plats naturally affected their susceptibility to erosion. The in- 
fluence of this factor on either extent of erosion or soil aggregation 
was lessened by the plats being in rows of clean-cultivated annual 
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flowers rather than a close-growing crop during the season when most 
of the erosion occurred. Removal of the 1935-36 cover crop reduced 
any effect of this crop on the organic matter content of the various 




I 
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Degree of Aggregafion 

Fig. 3. — Relation of degree of aggregation to H-ion concentration and to 
soluble aluminum. 

plats. The factor, degree^ of aggregation, which was used by Lute (8) 
should be a good indication of the state of dispersion of the silt and 
clay particles in a soil Degree of aggregation shows that fraction of 
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the total silt and clay in the soil when dispersed which is combined 
into units greater than silt size when the soil has its natural structure, 
A highly significant negative correlation was found between aggre- 
gation and H-ion concentration as shown by the data in Tables 2, 
3, and 4. While the percentage hydrogen saturation of the cation 
exchange capacity would be a good basis for studying the effect of 
hydrogen on the aggregation of a soil, a good correlation would be 
expected between percentage hydrogen saturation and H-ion con- 
centration (15). It follows that about the same relationship would 
exist between percentage hydrogen saturation and degree of aggrega- 
tion as was found between H-ion concentration (as measured by pH) 
and aggregation. Both degree of aggregation and percentage aggre- 
gates >0.1 mm in size were closely related to soil reaction, A correla- 
tion coefficient of -.895^.0576 was found between degree of aggre- 
gation and H-ion concentration. The dispersion of the data from the 
regression line is illustrated in Pig, 3 where the average values for 
each sampling date are plotted. Distribution of the coarser aggre- 
gates, as determined by screening under water, is vShown in Table 2. 

Table 2.— -Distribution of aggregates in Clarksville loam at various acidity levels. 


Size of particle, 
mill 

pH 

4.46 

<Jt 

00 

5‘32 

7.26 

7.41 

Coarse Units (Wet Sieving), % 



2.0--5.0. , 1 


4-7. 1 

6.0 1 

3-9 

6.0 

I.0~-2.0 .i 

3-9 

4.4 

5.9 

4.7 

6.0 

0.5-LO .] 

5-6 1 

5-8 

6.5 

6.4 

6.6 

0.25-0.5 

■■ 7.9 ! 

9*0 

: ■ 

10.8 

12.0 

0.1-0.25 ...... .i 

15.8 

16.6 

16.3 

18.6 1 

19.5 

Total >0.1 . j 

37*1 i 

40.6 j 

44*3 

44.4 : 

50.0 

Small Units (Aggregate Hydrometer), % 



Total <0.05. 

1 36-3 

1 30.1 

i 31,2 

1 28.9 

1 26.9 

Total <0,01. ................. 

■ 4-9 

i 7-8 

8.5 

7.2 

7‘5 

Total <0.005, . . . . . . . . 

' IS 

1 3.0 

4.3 

1 34 

5.6 ■ ' 


Table 3. — Degree of aggregation compared with IDii 


Degree of 
aggregation, 

%t 

Soil reaction 

Soluble 

aluminum, 

p.p.m. 

H-ion concentration 

X 10® 

pH 

40,8 

35*200 

4.46 

103.6 

49.2 

16.670 

4.78 

59-6 

50.9 

4.800 

5-32 

37*2 

56.1 

0.055 

7.26 

3^*3 

55 A 

0.039 

741 

31*5 


Plat 

No. 


Organic 
matter, 
% • 


1.49 

L29 

1.88 

1.64 

1.76 


*Tliese data are weighted averages of analyses of samples taken in June» August^ and November, 
1938. 

fPercentage of the total silt and clay in aggregates >0.05 mm. 
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Table 4.— r/ie degree of association between aggregation of particles and certain 
related properties of Clarksville loam. 


Factors correlated 


Correl atioii N umber 

coefficient (r) of cases 


Degree of aggregation and H-ion concentration ..... 

Degree of aggregation and soluble aluminum 

Degree of aggregation and percentage organic matter 
Percentage aggregates >0.1 mm and H-ion concen- 
tration 


-0.895*^0.05761 
-0.887 ±0.0638 
0.360 ±0.1492 

-0.853 ±0.0786 


I3t 

35 


i3t 


♦Corrected for ssmall number of cases, when less than 30, by the formula = 1 — (i — r^) 

In— 2 

fStandard error. . 

jAn average of the analyses of the several samples on each sampling date constituted a case. 

A total of 35 samples were analyzed, 


A highly sigiiifiGaiit negative relationship existed between percentage 
aggregates >0.1 mm in size and Hdon concentration (correlation 
coefficient value of “8531^,0786). 

Any direct effect of the AlaOSO-Oa treatment on the state of dis- 
persion of the silt and clay is not evident since the check plat with no 
treatment and one plat with only limestone added showed the same 
linear relationship between soil reaction and state of aggregation as 
was found in the other plats. 


DEGREE OF AGGREGATION AND SOLUBLE ALUMINUM 

It is highly probable that the properties of Ca-ion saturation and 
soil reaction have only secondary influences and some other factor or 
combination of factors is dominantly responsible for the develop- 
ment of a soil structure which would be resistant to the eroding action 
of water. Recognizing the heterogeneity of soils in their natural state, 
it is only reasonable to conclude that the formation of stable aggre- 
gates in various soils under field conditions is a very complex process. 
The close association found between degree of acidity and the state 
of dispersion of the silt and clay in this soil suggests that some prop- 
erty closely associated with soil reaction might be a dominant factor 
in producing water-stable aggregates. Sided (17) studying clay- 
humus formations states, "The elimination of iron and aluminum 
oxides from the surface of clay particles increases the ability of these 
particles to aggregate.” He believed that the presence of large 
amounts of these oxides destroyed the orienting properties of clay 
with respect to humus, resulting in mere coagulation. Whether the 
quantities of aluminum brought into solution at the acidity of these 
soils would be sufficient to have an appreciable effect on aggregate 
formation is not known. However, there is no particular reason to 
assume that the quantity of aluminum (30 to 100 p.p.m.) removed 
by a sodium acetate extraction is all of that fraction which might 
affect the formation of aggregates. The curve showing the relation 
between acidity and soluble aluminum in Fig. 4 is in accordance with 
the relationship between these properties reported by Pettinger (14). 
He showed that large quantities of aluminum come into solution 
below pPI 4,8 and above pH 7.5 with a critical point on the curve 
above neutrality at about pH 8.5. 


]On COMCEMTeATlON 
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The relation between soluble aluminum and aggregation of silt and 
clay is shown to be high by the correlation coefficient of -.§83 rh.0638. 
This value is not significantly different from the coefficient" (““.895 db 



Fig. 4. — Relation of H-ion concentration to soluble aktininuni. This graph 
was adapted from published (16) and unpublished data hy G, M. Shear. 


.0576) expressing the relationship between degree of aggregation and 
H-ion concentration. The highest pH obtained in this study (7.41) 
was not sufficiently alkaline to bring large quantities of aluminum 
into solution above neutrality. 
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DEGREE OF AGGREGATION AND ORGANIC MATTER 

The value of orgaiiie matter in improving soil structure has been 
stressed by many workers and unquestionably the physical condition 
of some soils is greatly benefited by the addition of organic materials. 
In the case of this Clarksville loam soil, however, there was no signifi- 
cant relation between total organic matter and the extent of aggrega- 
tion. This does not preclude the possibility of a relation between the 
humus content and aggregate formation. 

SUMMARY 

In a series of plats of Clarksville loam, ranging in pH from 4.45 to 
7.41, a close correlation was observed between erodibility and soil 
reaction. These field observations were substantiated by a laboratory 
study of the soil. A highly significant negative correlation was found 
between degree of aggregation and H-ion concentration. Two entirely 
different procedures were employed for measuring the aggregate con- 
dition of the soil and both methods showed this relationship to exist 
between extent of aggregation and soil reaction. 

Increasing quantities of soluble aluminum were accompanied by 
decreasing quantities of silt and clay aggregated into units larger than 
silt size. No significant relationship existed between total organic 
matter and degree of aggregation or observed erodibility. 

The addition of ground limestone to Clarksville loam up to the 
quantity required to produce a neutral reaction definitely improved 
the physical condition of the soil and its resistance to erosion. 
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LINKAGE RELATIONS BETWEEN SMUT RESISTANCE 
AND SEMISTERILITY IN MAIZEi 

ChAvS, R> Burnham and J. L. Cartledge^ 

E ilRLIER studies by Immer (i 8)'^ and Hoover (17) on the in- 
heritance of smut resistance in maize made use of certain genetic 
markers to test for possible linkages. In many cases the associations 
found were with characters of a morphological type which might con- 
ceivably offer extremely favorable" conditions for smut infection as, 
for example, brachytic, liguleless, tassel seed, and ramosa. ^ 

In order to study the factors which normally differentiate smut 
resistant from smut susceptible strains of maize, the present work, 
using chromosomal interchanges as genetic markers, was undertaken. 
Interchanges in heterozygous condition appear to bring about no 
change in morphology other than the abortion of about 50% of both, 
ovules and pollen. The physiological conditions in such semisterile 
plants may differ from those in the normal plants, but it was hoped 
that this would not be sufficient to give false evidence of linkage. 

MATERIAL 

Three smut-resistant lines were available, derived, one each, from the Reid 
Yellow Dent, Boone County White, and Lancaster Surecrop varieties inbred at 
the West Virginia Experiment Station for 12 to 14 generations. For most of the 
work the Lancaster Surecrop line was used since it was most resistant, only one 
smutted plant having been found since it was first isolated. In a few cases the 
Boone County White and the Reid Yellow Dent resistant lines were used also. 
For the susceptible strain a Learning line inbred over the same length of time was 
selected, since it was higlily susceptible to infection in all portions of the plant. 

For the chromosome markers, a series of interchanges was selected from those 
available from Anderson’s study of x-ray induced interchanges (i), and those 
which had occurred naturally (4, 6 , 7), Several were selected involving each chro- 
mosome, wherever possible with breaks so located that linkage might be de- 
tected under ordinary conditions over the entire length of the chromosome. A 
list of the interchanges used, together with available information on the positions 

^Contribution from the Department of Agronomy and Genetics, West Virginia 
Agricultural Experiment vStation, Morgantown, W. Va. Also presented at the 
annual meeting of the Society, Washington, D, G., November 16, 1938. Published 
with the approval of the Director, West Virgima Agricultural Experiment Sta- 
tion, as Scientific Paper No. 221. Received for publication August 26, 1939. 

T^ormerly Associate Geneticist at the West Virginia Agricultural Experiment 
Station and Agent of the U, S, Dept, of Agriculture , Division of Cereal Crops and 
Diseases, iuid Assistant Prof es.sor of Genetics, West Virginia Agricultural Experi- 
ment Station, respectively. 

^ We wish td^express our appreciation to Dr. R. J. Garber for crosses involving 
his long-time inbred smut reaction lines and certain of the chromosomal inter- 
changes and for hi.s continued interest^ as the study progressed and to C. T. 
Thorniley for most of the pollen classification. We wish to thank Dr. E. G. 
Anderson not only for furnishing us with the greater: part of the interchanges 
used, but also for supplying his unpublished cytogenetic data which appear in 
Table i of this publication. The senior author wishes to acknowledge that the 
final analysis of the data and his part in the preparation of this paper were com- 
pleted at the Minnesota Agricultural Experiment Station. 

^Figures in parenthesis refer to “Literature Cited”, p. 933. 
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of the breaks in the chromosomes and in the linkage maps is given in Table i. 
A cytological locus listed as 0.7 in the long arm means that the break is at a locus 
0.7 of the distance from the spindle fiber to the end of the long arm. We are in- 
debted to Dr. E. G. Anderson for furnishing the unpublished data on his inter- 
changes indicated in the table. 


Table r . — List of chromosomal interchanges used, together with cytogenetic 
data 071 the positiofis of the breaks. 


Inter- 

change 

Positions 
of breaks 
in chromosomes 

Data 

source 

Positions of break loci (T) in 
corresponding genetic map.s 

Data 

source 

I “2 a 

1L.71 

2L.6 

(13) 

f T-3-an 

lgv-13-T 

(5) 

;:i-"2c 

I S,7 

2L.3 

t 

T-srP 

— . 

t 

::i-6a 

1L.13 

6L.43 

(6.13) 

T-is-brf 

YPl-S-T 

(6) 

:;i-9b 

rL.6 

9I-5 

(2) 

br±7 

c WX-38-T 

(2) 


iS.6 

9L.2 

(2) 

near P 

CWX-1.3-T 

(2) 

i-ioa 

1L.4 

— 

t 

near hr 

T-15-gR 

t 

*2-3a 

2S.9 

3L,6 

(13) 

Ig <i 

na-io-T-2i-a 

(13) 

2~4<:: 

— 

4vS 

(13)^ 

v-T-Ch 

iiearsu 

t 

'*'2-4d 

— 

4L 

(13)- 

B-18-T-6-V 

close to Tu 

t 

|2“'6a 

2L.4 

6S.O + 

(13) 

Ig B-30-T 

A"-2-T-6-P1 

(13) 

*3-5a 


— 


close to na 

T-40-bm-pr 

(13) 

3'5c 

— 

— 


na-i2-T-i3-a 

near pr 

t 

*3-7b 

— 

— 

— 

ddrO.4 

near ra 

t 

t3-8a 

3L.6 

8L.8 

(3) 

na-T-ts 

T-7-m.s j 

(3) 

3-8b 

3L.1 

8L.2 

(3) 

— 

T - 3S-msj 

(3) 

*3~ioa 

3L-I 

loL.i 

t 

tSrblO 

T-15-gR 

t 

4-5C 

4S 

___ 

(13)® 

near su 

bm-i6-T-3-pr 

(t. 13) 

4-5d 

4S 

— , 

(13)- 

near su 

nearbm 

(t, 13) 

*4-9a 

4L.1 

qL.8 

(2) 

su=b(2 or 21) 

c wx-(i2 or 3 i)-T 

(2) 

5 "7^ 

SL.8 

7L.7 

(II) 

bmpr-i5“T-i4 

-V ra ij-ii-T 

(It) 
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7S.4 
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T-ii~ragl 

(13) 
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near PI 

T-8-msj 

(3) 

6-ioa 

6L.7 

loL.T 

t 

PI sm-22-T 

T-io-gR 

t 

S-qa 

8L.2 

9 L .4 

(10) 

T-28-ms j 

sh WX-14-T 

(10) 

9'ioa 

9L.3 

10L.9 

t 

c WX-4-T 

gR-S-T 

t 


iChronioKome i, break in long arm 0.7 of distance from spindle fiber to end of that arm. 
^Bascd on cytogenetic data on 4~sa and 4- sb. 
t Anderson’s impnblishod data, 
jHighly significant odds. 

’^Significant blit lower odds. 


In Fig. I is a .summary of the loci on the cytological map. In several instances 
where only genetic data were available, estimates of the loci have been made 
based on combined cytogenetic information from other interidianges which were 
not used in these smut studies, and consequently are not listed. The cytological 
loci are' expected to be accurate only within limits. More accurate placing of the 
loci requires extensive study of each to determine the frequency of variation in 
the position of the cross-shaped synaptic figure in heterozygous individuals (lo). 
Detailed study of certain of them had been completed but was not undertaken 
for each of the others for this smut study. 


METHODS 

The chromosomal interchange lines were expected to be relatively susceptible 
since they were from unselected material. The previous work of Hoover (17) had 
indicated that under the conditions at this station resistance was at least partially 
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dominant. Accordingly, for the linkage tests the interchanges were crossed with 
smut-resistant lines and in several cases also with the susceptible Learning line. 
Both Fr's were backcrossed to the same susceptible Learning line. These back- 
cross progenies segregate semisterile plants (heterozygous for the interchange) 
and normal plants (not carrying the interchange) in a i:i ratio; and where the 
parents differed in smut reaction should also segregate for smut resistance. 

In order to study further the behavior of resistance in crosses, progenies from 
selfing the interchange X resistant Pi, and from backcrossing it to the resistant 
line were grown. 



Fig. I .—-Chromosome map of maize showing the loci of interchanges used in 
the smut study. Those underlined were tested in backcrosses to susceptible 
of both the (interchange X resistant) Ft and the (interchange X susceptible) 
Fi. All the others were tested in backcrosses of only the (interchange X 
resistant) Fi. 

Key to symbols: 4 - opposite a locus means good cytological and genetic 
data; ? opposite a locus means meager cytologic evidence or only genetic 
data;mone opposite a locus means incompletely summarized cytologic and 
genetic data; ** gave odds of 99:1 or better indicating linkage between smut 
reaction and the interchange ; gave low but significant odds indicating link- 


To give a more uniform opportunity for smut infection, smut spores from boils 
collected from all parts of smutted plants the previous season were mixed with 
rotted manure and the mixture allowed to stand in piles for four to five days 
before spreading between the corn rows. At least three applications of this mix- 
ture were made at lo-day intervals after the plants were about 18 inches high. 
The susceptible and resistant checks were repeated at regular intervals in the 
field and in the 1938 trial, where possible, single rows of each backcross were 
replicated and scattered at random in the test plat. 

Every fifth plant was tagged and numbered in the field. At the pollen-shedding 
stage, a tassel branch from each plant was collected and preserved for later pollen 
sterility classification. Later in the season smut records on each plant were taken, 
final ear smut notes being taken when the plants were completely matured. 


BURNHAM AND GARTLEDGE : LINKAGE RELATIONS IN MAIZE 927 

A significant difference in the percentage of smutted plants in the normal and 
semisterile classes is an indication of linkage between either or both interchange 
points and a gene or genes for smut reaction. In the progeny of the Pi (interchange 
X resistant) backcrossed to susceptible, such a linkage would result in a higher 
percentage of smutted plants in the semisterile class than in the normal class, 
since the original interchange parent was susceptible. Final analysis was made by 
using Fisher's X® test of association for a 2 X2 classification involving two different 
character pairs, the simplified formula being: X2«(ad~bc)2 N 

(a+b) (cd-d) (a*hc) (b+dh 
entering the X^ table with one degree of freedom (15). Corrections were made for 
discontinuity only for those cases in wdiich the P values were near the borderline 
of significance, or where the numbers were small (16). 

RESULTS 

In Table 2 is a general summary showing the results from different 
kinds of crosses and the reaction of the resistant and susceptible 
parental lines. The same interchanges were not involved in the entire 
series of crosses, but data from a vseries involving the same inter- 
changes vShow relatively the same results. The Pi of susceptible 
Learning X resistant Lancaster was not grown nor were adequate data 
on the interchange parents obtained. The 1936 results for the different 
crosses are considered first. The Fi of susceptible interchange X 
resistant Lancaster is slightly less resistant than the resistant line 
itself, with 2.40% of smutted plants as compared with 0%. 


T.\ble 2. — PerceMages of smut observed in resistant and susceptible inbred lines 
and in Fj, Ft, and backcrosses involving chromosomal interchange lines^ 
smut plat, West Virginia Experiment Station, IQ36, IQ37, and 1938. 


Lines 

■ 1 

1936 

1937 

1938 

Total 

pop- 

ula- 

tion 

% 

smut 

Total 

pop- 

ula- 

tion 

% 

smut 

Total 

t)Op- 

ula- 

tion 

% 

smut 

InterchangeX Learning susc. Fi. , , . . 

449 

36.75 


. 




InterchangeXLancastcr Res. Ft. . . . 

466 

2.40 

816 

1.96 


- 

Interchange X Boone Co. Res. Fj. . . . 

138 

5.07 


....... — . 



InterchangeX Reid Res. Ft 

61 

8.20 





(Interchange X Res.) XRes 

255 

3.92 


— «. 

- — — 

— 

(Interchange X Res.) selfed 

345 

2.90 

607 

3*79 

188 

4.79 

(Interchange X Res.) X Learn. Susc. . 

3,078 

19.98 

5,348 

24‘93 

6,123 

24.15 

(Interchange X Susc.) X Learn. Susc . 

1,017 

47.69 




■ 

Learning Susc. Check. 

865 

37-20 

■■ 275 

50.55 

249 

54.22 

Lancaster Surecrop Res 

64 

0.00 

142 

0.00 

79 

0.00 

Boone Countv White Res 

74 

. ■ 0.00 


1.63 

81 

1.23 


This Pi when backcrossed to the rcvsistant parent showed 3.92% of 
smutted plants; when backcrossed to the susceptible parent the prog- 
eny contained 19.98% of smutted plants. The Fi of interchangeX 
susceptible Learning was as susceptible as the susceptible Learning 
parent, 36.75% as compared with 37.20%. From the above results 
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it may be concluded that smut resistance in the Lancaster I'esistant 
line is at least partially dominant and that under the conditions at 
this station the backcross to the susceptible parent is the better one 
to use for a study of vSegregation for smut reaction factors. 

Data were obtained in 1936, 1937, and 1938 from backcrosses to 
the susceptible parent, a summary being given in Table 3. Back- 
crosses in which there was some evidence of linkage in the first tests 
were repeated the next year along with new backcrosses. In Table 3 
are given the numbers of vSmutted and normal plants, the percentages 
of smutted plants in the semisterile and in the normal classes, the 
total population for each, and the and P values for the tests of 
association between semisterility and smut reaction. It will be noted 
in Table 2 that a high percentage of the plants in the susceptible 
check CvScaped infection and that the percentage of smutted plants in 
this line Avas much higher in 1937 and in 1938 than in 1936. Values of 
P that are 0.05 or smaller are usually accepted as indicating significant 
deviations from a random distribution, 0.05 corresponding to odds 
of 19 :1. The following interchanges, double starred on the map in 
Fig. I, had P values corresponding to odds equal to or greater than 
99 :i, the deviations being in the direction expected from linkage with 
smut resistance : x-“2C, i-6a, i-pb, 2-6a, 3'-8a, and 6-8a. The others 
that had vsignificant l3ut low odds, single starred in Fig. i, were: 

2- 3a (23:1 odds); 2™~4d (24:1); 3“Sa (63:1); 3~7b (29:1); 3~-ioa 
(24:1) ; 4~ga (21 :i) ; and 9-ioa (66:1). 

Since an interchange involves an exchange of pieces between two 
non-homologous chromosomes, the linkage obtained is in each case 
evidence for the location of smut reaction factors in either or both 
chromosomes, that is, near either or both loci at which the original 
interchange breaks occurred. To determine which of these three 
possibilities is true a test must be made for each of the two loci with 
an additional interchange involving a break at nearly the same locus 
in one of the chromosomes, the other break in this additional inter- 
change being in a third or different chromosome. This latter break 
locus may need to be checked in. the same manner with still another 
interchange. For example, there is some evidence (odds 24:1) that 

3- ioa is linked with smut susceptibility. The locus of the 3-1 oa break 
in chromosome 3 is checked in a similar linkage test of a’ 3“-8b inter- 
change whose break in 3 is near that of 3-ioa in 3. The 3-1 oa break 
in 10 is checked similarly by data from a 6-1 oa interchange whose 
break in 10 is near that of 3-ioa in 10. The locus of 3-8b in 8 and the 
locus of 6-ioa in 6 may then need to be cheeked by still other inter- 
changes. Since the original interchange stocks might also be carrying 
factors for smut resistance, one method of study is to cross each inter- 
change with both the resistant Lancaster tod the susceptible Learn- 
ing lines; backcrossing both Fi’s to the susceptible Learning line. 
Negative evidence for avSsociation from only the Fi of inter- 
chan geX resistant does not eliminate the possibility that the inter- 
change line was carrying the same smut resistance factor or factors 
in its interchanged chromosomes as was the inbred resistant line in its 
normal homologues. For only 13 of the interchanges are both kinds 
of backcross tests available, underlined in Fig. 1 , In those backci*osses 
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using the Fi of (interchange X susceptible) the populations were small, 
although there was a high incidence of smutted plants. Although none 
of the 13 interchanges gave any indication of carrying a factor for 
resistance which was linked with the interchange, it cannot be con- 
cluded that this applies to all interchanges in these studies. Un- 
fortunately both kinds of backcrosses were not tested for all the inter- 
changes used. 

An analysis of the results follows, considering the interchanges for 
which the odds indicate probable linkage and in each case the nega- 
tive results which have a bearing on the conclusions. 

For interchange i-2C the odds are greater than 99:1. Since Ti-pc, 
whose locus in chromosome i is near that of 1-2C, shows negative 
results, the locus of Ti~2C in chromosome 2 is probably the one re- 
sponsible for the linkage, although the population for Ti-pc was 
small. 

Interchange also had odds greater than 99:1. Its locus in i 
was not checked, but its locus in 6 is near that of 6“8a which also 
showed high odds. Hence the locus of i"6a in 6 and possibly in i may 
be responsible for the linkage. 

Interchange i-gh had odds greater than 99:1. Its locus in 9 is near 
that of 8-9a for which there was no evidence of linkage in both kinds 
of backcrosses. Had these been based on adequate numbers, they 
would indicate the locus of i-pb in i is responsible for the linkage. 
The locus of i-2a in 1 is given in Fig. i as being near that of i-pb, 
but it is not placed there with certainty. Hence the negative results 
with 1-2 a may not conflict with this conclusion. 

Interchange 2-3a showed odds of only 24:1. Its locus in 2 was not 
checked while its locus in 3 is near that of T3-'8a for which there was 
evidence of linkage. If the linkage exists, either that in 3 or both loci 
in T2™3a may be associated with smut reaction. 

For interchange 2-6a the odds were greater than 99:1. Its locus in 
2 is near that of i-~2c for which the evidence is positive. It is also near 
those of both 2-40 and i“-2a in 2, both of which showed negative 
evidence, although their loci in 2 are not certainly placed. This region 
in 2 probably contains smut reaction factors. The locus of 2-6a in 6 
was not checked. Hence this locus in 6 may or may not be involved 
also in the linkage. 

For interchange 3~-8a association was indicated by high odds. Its 
locus in 3 is near that of 2-3 a which also had positive evidence of 
linkage and also is near that of 3-5C which showed negative evidence 
but is not certainly placed. The locus of 3-8a in 8 is near that of 
6-8a for which there was also good evidence of linkage. Therefore, 
either or both loci in 3~-8a may be responsible for the linkage. 

Interchange 3-’ioa had low odds for association. Its locus in 3 was 
checked by 3'-8b and its locus in 10 by 6-1 oa both of which gave 
negative evidence but are based on small populations. If the linkage 
with 3-1 oa exists, one possible explanation is that either 3~8b or 
6-^1 oa canies the same smut resistance factor as does the resistant 
line and hence would have shown the linkage only in the backcrossed 
interchange X susceptible Fi which was not tested. 
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For interchange e-Ba there were high odds. Each locus is near that 
of a second interchange which also had high odds indicating linkage. 
vSince no locus in either of these was eliminated, either or both loci 
in 6-“8a may be associated with sniut reaction. 

For interchange 9“ioa the odds were significant, but the evidence 
is based on a small population. If the linkage exists, the locus in 
chromosome lo must be involved since its locus in 9 is near that of 
B-ga for which the results were negative. 

For 2-4d (24:1 odds), 3-sa (63:1), 3--7b (29:1), and 4~9a (21:1) 
none of the break loci was checked for linkage with smut resistance 
with another interchange. For the first three interchanges, however, 
the loci are not placed with certainty. If linkage exists, either or both 
loci may be involved if their positions in Fig. i are approximately 
correct. 

Eight of the interchanges that showed negative results in the prog- 
eny from backcrossing the Fiof (interchange Xresistant) also showed 
negative results in backcrosses of the Pj of (interchange X susceptible). 
These double tests indicate regions in chromosomes i, 2, 4, 6, 7, 8, 9, 
and 10 and a considerable part of the long arm of s which do not carry 
smut reaction factors (Fig. i) differentiating the resistant and suscep- 
tible lines used in these studies. 

DISCUSSION 

In several cases, a locus that appears to be relatively close on the 
map to a locus not showing linkage, may be too far away to show 
linkage with smut reaction. The reasons for this will be apparent 
from what follows. Evidence on genetic length and corresponding 
cytologic length is available for the short arm of chromosome 9. 
Cytogenetic evidence indicates the gene waxy is in the short arm 
(12) probably near the spindle fiber. The genetic length from the 
terminal knob to waxy corresponding to most of the short arm is 
53.5 units according to the Cornell linkage summary (14). Although 
this cytogenetic length may not be applicable directly to the other 
chromosomes, it gives an indication of what physical length may cor- 
respond to about 50 imits. 

The genetic length which a given interchange will test for the 
presence of smut reaction factors depends on (a) the degree of reduc- 
tion in crossing over in the presence of the interchange in heterozy- 
gous condition and (b) the relative amounts of smut shown in the 
different homozygous and heterozygous genotypes for the different 
smut factors. In the susceptible Learning inbi'ed line, which with its 
long period of inbreeding should have been relatively homozygous for 
smut reaction factors, an average of more than 50% of the plants 
escaped infection. In a segregating progeny these cannot be dis- 
tinguished from genotypically resistant plants. The evidence from the 
linkage tests indicates that several factors must be concerned in smut 
resistance. If these were all of equal value in their reaction to infec- 
tion, a case of close linkage should give a greater difference, spoken of 
below as ''relative difference'*, between the percentages of smutted 
plants in the semisterile and in the normal classes, than should a case 
of loose linkage. This would be modified if several pairs of smut fac- 
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tors were involved and if they were unequal in smut reaction value ; 
that is, if comparable genotypes for different pairs of alleles differ in 
their reaction to smut infection. In this case, the “relative differences” 
in percentages of smut for interchanges involving different chromo- 
somes would depend on the particular smut reaction alleles involved 
as well as the strength of linkage. In the data presented here the 
“relative differences” in percentages of smutted plants vary from 4 
to 15 with different interchanges. 

Immer (18) obtained positive evidence for the association of smut 
reaction with the pericarp factor P. The trials in the present paper 
involve different material and therefore not necessarily the same 
factors for smut reaction. They do not eliminate the possibility that 
in this material also there may be a smut reaction factor in the region 
near the locus of i.“6a in i. 

In addition to linkages that might be termed “morphological asso- 
ciations”, Hoover (17) obtained linlcage between smut reaction and 
su, V2, sh wx in crosses with certain inbred lines and not with other 
inbred lines; the inbred lines differing as to the region of the plant in 
which most of the smut boils were located. This problem of the fac- 
tors involved in the localization of smut boils is one which needs fur- 
ther study. 

USES OF INTERCHANGES AND INVERSIONS AS GENETIC TOOLS 

In this smut study, the interchanges were crossed with each of two 
pure lines which differed in smut reaction, one resistant, the other 
susceptible. Without previous information on inheritance, semisterile 
Fi plants in each of these crosses would then be backcrossed to each 
of the two smut reaction lines for a study of segregation of smut re- 
action in relation to semisterility. A more satisfactory method would 
have been to make the genetic backgrounds of all the interchanges 
being used more comparable by backcrossing each Fi to the original 
inbred smut reaction line for 5 or 6 generations. 

Inversions which give considerable sterility in the pollen when 
heterozygous may be used in the same manner as the interchanges 
and may be even more useful since each would test the presence of 
factors on only one chromosome. 

^ In addition to their use for genetic studies of a problem such as 
disease resistance, interchanges, and inversions should be useful addi- 
tional tools for genetic studies of earliness and many quantitative 
characters. 

If the partial sterility affects ears and pollen, the study of a char- 
acter such as yield is complicated by the fact that such plants do not 
yield as much grain as do normal sibs. Preliminary data indicate that 
although half the grains are missing on a semisterile ear, the yield of 
shelled corn is not decreased proportionately. Weights and kernel 
counts taken on a series of paired normal and semisterile plants show 
that on the semisterile ears the grains are significantly heavier than 
the grains on comparable normal ears. 
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SUMMARY 

Crosses between susceptible chromosomal interchange lines and a 
resistant Lancaster Surecrop inbred line were backerossed to a sucsep- 
tible Learning inbred to study segregation for smut reaction in re- 
lation to the interchange points. 

Highly significant deviations (odds 99:1 or greater) from random- 
ness were obtained, the deviations being in the direction expected 
with linkage between smut resistance and the following interchanges: 
i~2C, i~6a, i-gb, 2-6a, 3~8a, and fi-Sa. Less significant deviations 
(odds not less than 19:1) but in the same direction were obtained for 
2-3a, 2-4d, 3-5a'> 3-7b. 3“ioa, 4-9a, and p-ioa. . 

Of these interchanges, incomplete evidence indicates the locus of 
I-2C in chromosome 2 is one of the loci showing linkage with smut 
reaction. In all other cases, the break locus in either, or the loci in 
both chromosomes involved in the interchanges listed above may be 
associated with smut resistance. 

The method of procedure in the use of interchanges and inversions 
for this and other multiple factor problems has been considered, 
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SYMBIOTIC PROMISCUITY OF TWO SPECIES 
OF CROTALARIA^ 

J.K. Wilson^ 

D uring the past 50 years many phases of the relationships 
existing between the legume bacteria and the leguminous 
plants have been studied. One of these which has stimulated much 
research because of its practical application is the degree of specificity 
ascribed to members of a certain genus towards strains of the Rhi- 
zobia. An illustration of this is provided by the clover plant-bacteria 
group in which species of trifolium only are listed. The group was 
established from experimental evidence which indicated that the 
species of the Rhizobium for this genus is specific. Similar x*elation- 
sWps are ascribed to other genera and to specific organisms that bear 
definite names for these genera. Thus, the species of the bacteria for 
the clover group is Rhizobium trifolii, that for the alfalfa group, Rh. 
meliloti, and so on to the extent of the groups. With this classification, 
if a species or strain of the bacteria from one group should be found, 
for one reason or another, to associate with a species of plant from 
another plant-bacteria group, it might be described at one time as 
Rh. trifolii and at another time as Rk. meliloti, or it might bear vari- 
ous names, depending on the source from which it came. 

Several investigators have observed that a strain of the Rhizo- 
bium from a certain plant that has been placed in a plant-bacteria 
group is not so specific as the group would indicate. Some workers 
have dismissed such data on the grounds of faulty technic, but re- 
cently Wilson (i)'^ reopened this question and reported many such 
irregularities. He (2) was unable to find an organism that was specific 
for a group of plants or for one plant. Among other things, he (i) also 
found that Crotalaria mrrucosa nodulated with only 3 of 32 strains, 
while C. granitana nodulated with 29 of the same 32 strains. These 29 
strains were isolated from plants representing about 10 plant-bac- 
teria groups and from plants that have not been placed in any group. 

Wilson (i) emphasized further that several species of Crotolaria 
and species of other genera are more promiscuous in their relations 
with strains of the rhizobia than others ; Amorpha fruticosa L., Medi- 
cago safiva h.i Phaseolus coccineus L., Robinia pseudoacacia L., and 
others being promiscuous, and arietenum L., Ornithopus satims 
Bort., Psaralea ombrycMs and many others being restricted. 

Such data suggest that a single strain may be encountered in the 
nodules of numerous legumes irrespective of the plant-bacteria group 
or groups to which the legumes may have been assigned. In this con- 
nection numerous instances were reported by Wilson in which a strain 
from a plant appeared equally well or better adapted to other species, 
irrespect^e of the plant bacteria groups, than it was to the plant 
from which it was isolated. It appears, therefore, if a number of 
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strains of the rhizobia from a large number of genera or from a plant 
like Amorpha fruticosa that is promiscuous were tested in this regard, 
that valuable information bearing on several phases of the relation- 
ships existing between the legume bacteria and the leguminous plants 
may be obtained. It is the purpose of this paper, therefore, to record 
the symbiotic promiscuity of Crato/am grantiana Harvey and C. 
verrucosa L. with 182 isolations of the rhizobia which were obtained 
from a wide selection of legumes and to emphasize their relations to 
the established plant-bacteria groups. 

METHODvS 

The method employed in a piece of work will influence the strength of the con- 
clusions that can be drawn. For this reason, if confidence in the results is invited, 
the selection of a method is highly important. In this case it should provide sur- 
roundings in which the symbionts can be housed together during the growing period 
to the exclusion of interfering organisms and maintain satisfactory growing con- 
ditions. Such a method was described by Wilson (i) and was followed in execut- 
ing the experiments reported in this paper. 

Seeds of both species of Crotalaria were planted in containers plugged with 
cotton and grown simultaneously so that each species was exposed .to the same 
isolations of the Rhizobium and to the same light, heat, and variations that 
normally occur in a greenhouse. Because the supply of seeds of both species of 
Crotalaria was limited only 10 to 12 or so were planted in each container. It 
might have been better to have had a larger number of plants in each test for 
Wilson (i) pointed out that the occurrence of nodules on plantlets of Medicago 
saliva and on plantlets of other species may not be obsexwed with a small number 
of plants when employing certain strains of the rhizobia but might be if a larger 
number of plants are grown for examination. 

The cultures of the organism used represent isolations from 71 species and 
varieties, representing 46 genera, one of which was not identified. Each isolation 
was known to effect symbiosis from tests with appropriate seedlings, employing 
these same methods. Certain isolatioUvS may be identical, especially those from a 
definite source, although the isolations from Amorpha fruticosa are known to be 
extremely dissimilar in many cases (Wilson, 2). Part of the work was repeated as 
many as four times, a part only two or three times, and, in a few cases, individual 
tests were made. 

■ DATA. . 

The data are given in, summary foriii in Table i.They show that 
both species of Crotalaria are promiscuous in their relations with, 
strains of the Rhizobia and that ( 7 . is more promiscuous 

than is C. The former bore nodules with 337 of the 182 

isolations, while the latter bore nodules with only 41 of the same iso- 
lations. Among these isolations were 52 fTom Amorpha fruticosa L. 
With 42 of these C. grantiana bore nodules and with 17 of the 52 C. 
verrucosa bore nodules. In every case when C. verrucosa bore nodules 
with these isolations from A. fruticosa, C. grantiana also bore nodules 
with the corresponding isolations. In no case did C. verrucosa bear 
nodules with an isolation from A. fruticosa that failed to nodulate 
with C. grantiana. In some cases when both species bore nodules with 
the same strain one species might be strongly nodulated while the 
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Other might be weakly nodulated. It is evident, therefore, that both 
species of Crotalaria are not equally suited to bear nodules with the 
same isolation or with isolations from an identical source. 


Table i, — Summary of^ data^ showing symbiotic promiscuity of two species of 
Crotalaria loith isolations of Rhizohium from numerous species of legumes. 


Sources of isolations 

Number of 
isolations 

Number symbiosing with 

C. grantiana 

C, verrucosa 

Amorphafruticosa 

52 

42 

18 

A stragalus mensiesii. 

3 

2 ■ ■ , 

0 

Astragalus rubyi . 

4 

4 

I 

Daubentonia drummondii . ........... 

3 

3 

I 

Lotus corniculatus 

8 

5 

0 

Lotus scoparium 

■2 

2 

0 

Medicago sativa 

II 

7 

3 

Rohinia pseudoacacia 

4 

4 

0 

Trifolium pratense 

9 

8 

0 

Trifolium repens. 

3 

3 

0 

Vicia villosa 

12 

12 

0 

All other species . 

71 

45 

18 

Total. 

182 

137 

41 


Among those isolations tested on both species of Crotalaria are 
three from Astragalus memiesii A. Gray and four from A, rubyu C. 
grantiana hote nodules with all isolations except one from A. men- 
ziesiiy while C. verrucosa bore nodules with only one and that one was 
an isolation from A. rubyi. Also, there were three isolations from 
Daubentonia drummondii Rydb. C. grantiana bore nodules with each 
isolation, while C, verrucosa bore nodules with only one of them. In 
this case nodulation was excellent. C. grantiana also bore excellent 
nodules with this isolation. In addition, C. nodulated with 

isolations from Lespedeza hirta (L.) Hornem, L. procumbens Michx,, 
L. striata Hook & Am, md L. violaceae (L.) Pers., while C, verrticosa 
nodulated with isolations from the first and last species only. Further, 
there were eight isolations from Lotus corniculaius L. and two from 
L. scoparium. C. grantiana hoxQ nodules with five of the eight strains 
and with both strains from L: scopariumr while C. verrucosa bore 
no nodules at all with any one of the 10 isolations. 

There were ii isolations of Rhizobium from sativa L. C. 

grantiana bore nodules with seven of these, while C, verrucosa bore 
nodules with only three of the ii. In no case, with either species of 
Crotalaria, were the plants excellently nodulated. 

When nine isolations of Rhizobium from Trifolium pratense L, 
were employed, C, grantiana bore nodules with eight of the isolations, 
while C, verrucosa bore no nodules with the same isolations. When 
three isolations from T. repens L. were employed, C, grantiana bore 
nodules with each isolation, while C. verrucosa failed to nodulate with 
the same isolations. When the isolations from T, incarnatum L. and 
from T. suaveolens Willd. were employed, C, grantiana bore nodules 
but Cn verrucosa did not. When the isolations from T, johnstonii and 
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from r. subterraneum were employed, neither species of Grotalaria 
bore nodules. 

In addition, C. grantiana bore nodules when grown in association 
with other isolations, while C, wrrucosa did not. The sources of these 
were Albizzia julibrissin Biov. (Durazinni), one of two isolations; 
Amphicarpa monoica (L.) Ell. ; Apios tuberosa Moench \ Aspalanthus 
sarcodes Vog. et Walp. ; Coronilla mria L. ; Crotalaria spectahiles'B.oth . ; 
Dalea alopecuroides Willd., one of three isolations; Indigofer a viscosa 
Lam., one of two isolations; Glycine max (L.) Meer.; Mimosa pudica 
L.; Parosela scoparia (A. Gray) Heller., one of three isolations; 
Oxytropis lambertii Pursh., one of two isolations; Petalostemon pur- 
purea (Vent.) Rydb.; Prosopis juliflora DC.; Robinia pseudoacaciay 
four isolations; Rynchosia minima (L.) DC.; two of three isolations; 
Sutherlandia frutescens R. Br. ; Tephrosia grandiflora Pers.; Vida 
villosa 'Rotliy 12 isolations; V, atr opurpuria Desf.; V. disperma DC.; 
V. mllosa Roth var. Gore; and an unidentified species. 

Further, both species of Crotalaria bore nodules when grown in 
association with isolations from the following plants: Acacia con>- 
stricta Benth.; Alhizzia julibrissin, one of two isolations; Crotalaria 
sagittalis L. ; Cassia chamaecrista L., one of two isolations; Dafea 
alopecur aides y two of thi'ee isolations; Desmodium canadense (L.) 
DC., one of two isolations; Seshania macrocar pa Mahl. ;Stizolohium 
deeringiamm Btot.; Sutherlandia frutescens, one of two isolations; 
and Swains onia coronillaefoUa vSalisb. 

Also, both species of crotalaria failed to bear nodules when grown 
in association with isolations from the following plants: 
australis R. Br.; Caragana frutescens DC.; Cassia chamaecrista, one 
of two isolations; Cicer arietinum L., two isolations; Desmodium 
canadense, one of two isolations; Droycnimn herbaceum Yill.; Labur- 
num mdgaris Gris.; Lens esculenta Moench. ; Lupinu$ sp.;L. perennis 
L. ; Onobrychis viciaef alia Scop.; Ononis vaginalis Vaht] Oxytropis 
lambertii; two of three isolations; vul- 

garis L.; Spartium scoparium L,; Strophostyles hekola (L.) Britton; 
Tephrosia virginianum (L.) Vers.; Tkermopsis caroliniana M.A. 
Curt.; and Vigna sinensis Dndl. 

It was observed also that C. verrucosa bore nodules when grown in 
association with the isolation from Phaseolus polystachyus (L.) B. 
P,, while C. gmwfiana did not. 

vSIGNIFICANT FACTS IN THE FINDINGS 

Certain significant points in the data should be emphasized. One 
of these relates to the placing of C. grantiana and C, verrucosa in a 
plant-bacteria group. If the bearing of nodules by a plant^ when 
grown in association with an isolation of the rhizobia is the criterion 
for placing a plant in any one of the plant-bacteria groups, then these 
two species can be placed in any one of several groups depending 
upon the particular isolation that was employed in making the tests. 
When employing a certain isolation both species might be placed 
with Amorpha fruticosa, when employing another isolation C. gran- 
tiana might be placed with A. fruiicosa while C. verrucosa might not 
be placed with either. If still another isolation was employed, neither 
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species would be placed with A. fruticosa. It is clear, therefore, that 
the particular isolation will determine the placing of a plant in any 
group or in no group. 

If this method of procedure is followed, C. grantiana can be placed 
in at least 10 of the plant-bacteria groups and C. verrucosa in four. If 
enough isolations were tested, it should be suspected that both species 
might be placed in still more groups. As suggested by Wilson (2) 
this means that a strain is not specific and that it may be found at 
one time in the nodules of one plant representing one plant bacteria 
group and at another time in the nodules of another plant represent- 
iiig still another group or another genus. 

It should be emphasized also that C. grantiana is decidedly more 
promiscuous in its relations with the various isolations of the rhizobia 
than is C. verrucosa, for as stated above the data show that C. gran- 
tiana hom nodules with 137 of the 182 isolations while C. verrucosa 
bore nodules with only 41 of the same isolations. This indicates that, 
although plants may belong to a certain genus, there is no necessary 
connection between this and their relations with the various strains. 

Wilson (1) pointed out in studying 19 species of Crotalaria that C. 
grantiana \¥as the most promiscuous while C. verrucosa was the most 
restricted. The other 17 species which came between these extremes 
also exhibited no detectable relationship between the fact that they 
belong to a single genus and their relations with strains of the rhizobia 
which came from a definite genus or from a definite source. Wilson 
(3) also pointed out that this promiscuity is closely associated with 
the degree of cross-pollination of the species. Plants that are obliga- 
toiily cross-pollinated or depend on insects to effect pollination are 
the most promiscuous. If this is true then the boundaries surrounding 
every .species must be as irregular as the mixing of characters through 
cross-pollination from year to year would indicate. Under these con- 
ditions the boundaries surrounding highly self-fertilizing plants are 
more regular than those surrounding highly cross-pollinating plants. 
This might indicate that C. grantiana is highly cross-pollinating andC. 
verrucosa highly self-pollinating, although no data are available bear- 
ing on the degree of selfing or crossing of these two species of Cro- 
talaria. 

Some emphasis should be placed on the fact that each species of 
Crotalaria was not equally suited to bear nodules with the same 
strain. If nodulation was weak on C. grantiana when employing a 
certain strain, it was absent in numerous instances on U. verrucosa. 
This was observed in 53 instances. In about 50% of the cases when 
nodulation was good on C. grantiana it was weak on C. verrucosa. 
Whether this condition is native to the species or to the bacteria is 
unknown It may be due. somewhat to the environmental condition 
under which the plantlets were grown. 

DISCUSSION AND CONCLUSION 

The data presented in this paper substantiate and extend those 
recently published by Wilson (i). In his work he employed isolations 
from most of the plant-bacteria groups and was unable to place 
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Crotalaria graniiana and C. verrucosa, as well as many other plants, 
in any group. In the present work 182 isolations were employed and 
were obtained from plants representative of each plant-bacteria 
group and from many species that have not been placed in any group 
or possibly from which isolations have never been made. The same 
type of promiscuity was observed with these 182 isolations as that 
which was observed by Wilson. With these conditions existing it was 
impossible to assign either species to a plant-bacteria group. 

Finm the evidence presented it seems that the particular isolation 
employed in making the tests will determine whether a species is 
placed in this or that group. This is taken to mean that the plant- 
bacteria groups as now recognized are entirely inadequate. If one 
attempts to use such groups and is unable to place, a species in just 
one group, it is difficult to come to any other conclusion. The plant- 
bacteria gi'oups may have some practical value, but when the data 
presented here are considered in connection with those previously 
published, it is obvious that from the scientific standpoint the plant- 
bacteria groups should be abandoned. 

If promiscuity between the various strains of the rhizobia and 
certain species of legumes is as widespread as the data show, then it is 
evident, as stated above, that a strain may be found at one time in the 
nodules of a plant from one plant-bacteria group and at another time 
in the nodules of a plant from a different plant-bacteria group. There- 
fore, at one time a strain may bear the name Rhizobiuni meliloti and 
at another time Rk, trijolii. In this connection Crotalaria graniiana 
bore nodules with organisms from 1 1 of the plant-bacteria groups and 
with organisms from 14 species of legumes that have not been in- 
cluded in any group. Also C. verrucosa bore nodules with organisms 
from four of the plant-bacteria groups and with organisms from eight 
species that have not been included in any group. 

It is perfectly logical, therefore, if the proposed method of naming 
an organism is followed, that any strain of the rhizobia may be given 
different names at different times or by different workers depending 
upon the source from which it was obtained, ThivS is another reason 
for abandoning the plant-bacteria groups. Such findings may also 
partly explain some of the apparent contradictions in the literature 
concerning the morphology and the physiology of strains from a 
certain species, especially species that are highly promiscuous. 
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AVAILABILITY, FIXATION, AND LIBERATION OF 
POTASSIUM IN HIGH-LIME SOILS^ 

Hubert Alla way and W. H. Pierre^ 

M any small areas of liigh-lime soils occurring in that part of 
Iowa covered by the Wisconsin drift have been found to pro- 
duce very poor crops. Corn grown on these areas shows a marginal 
“firing"’ or dying of the leaves and is often a complete failure, whereas 
on the surrounding soil it normally produces over 50 bushels per acre. 
Although it has been found that the application of potassium ferti- 
lizers to these soils will bring about large increases in crop yields, 
relatively little information is available upon which to base a satis- 
factoiy explanation of these facts. 

These high-lime soils occupy naturally poorly drained sites and 
commonly contain as much as 25% calcium and magnesiuxn carbo- 
nate. Since the areas are relatively small, usually varying in size from 
a few square rods to several acres, they have not been shown in the 
county soil survey maps but have been included with soils of the 
Webster series with which they are associated. 

The problem of improving the highdime soils of Iowa was recognized in 1915 
by Stevenson and Brown (iS).^ At that time these soils were called “alkali” soils 
and an excess of soluble salts was considered to be responsible for their low pro- 
ductivity. 

In 1918 Bancroft (2) differentiated these high-lime soils from the arid alkali 
soils of Wyoming and attributed their low productivity to the high concentration 
of calcium carbonate and bicarbonate. 

Stevenson, Brown, and Boatman (19) reported results of fertilizer experiments 
on high-lime soils in 1926. A profitable response to potassium fertilization was 
shown in several cases. 

Kilpatrick (n) concluded from more recent field experiments that unproduc- 
tive high-lime soils will produce as good yields as the rest of the field if they are 
fertilized with from 100 to 500 pounds of potassium chloride per acre. The bene- 
ficial effects of this treatment seem to disappear, however, within two or three 
years after'the application. 

Dean (7) found 12 high-lime soils from Iowa to be high in total potassium, but 
X X of the 12 were low in available potassium as measured by the Aspergillus niger 
method. Four of the 1 1 were low and the other 7 were slightly low'- according to 
standards set up by the authors of the method. 

Sears (17) attributed the low productivity of the high-lime soils of Illinois to 
low available potassium and unusually high nitrate content. One of these soils 
which responded to potassium fertilization was found to be low in exchangeable 
potassium. He presents some evidence that rapid fixation of added potassium 
may contribute to the low level of available potassium. 

McGeorge (13) studies the availability of potassium in the calcareous soils of 
Arizona. He found that although these soils w^ere low in water-soluble potassium, 
they were relatively high in exchangeable potassium and did not show immediate 
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need for potassium fertilization. From this work it is evident that the cakareous 
soils of Arizona differ from the soils studied by Dean and Sears. 

In recent years considerable information has been publisjhed concerning the 
availability of the exchangeable and non-exchangeable potassium and the factors 
which affect the relative amounts of these forms of potassium in the soil. Several 
investigators (12, 21, 23) have demonstrated that fixation of potassium in a non- 
exchangeable form is an important factor in determining the fertility of soils. It 
has also been shown (i, 4, 9, 10, i6) that the non-exchangeable potassium of the 
soil may be liberated fast enough to make an important contribution to the suppl3^ 
of potassium available to plants. However, very little data of this type have been 
obtained for high-lime soils. 

The objectives of the study reported here were (a) to determine the 
amounts of exchangeable potassium in unproductive high-lime soils 
and to determine whether or not the poor corn growth on these soils 
as compared to the good growth on adjacent soils can be explained 
on the basis of differences in exchangeable potassium; and (b) to 
determine whether the marked response to potassium fertilizers on 
unproductive high-lime soils and the relatively small residual effects 
from large potassium applications can be explained by a high potas- 
sium fixing power or a relatively slow liberation of potassium from 
the non-exchangeable to the exchangeable form. 

vSOILS STUDIED AND METHODS USED 

In July, 1938, samples of soil were taken from high-Hme spots in nine different 
corn fields in north central Iowa. In six of these fields demonstrations of the effect 
of potassium fertilizers were being carried on by the Iowa Agricultural Extension 
Service and marked responses to applications of potassium fertilizer were being 
obtained. Soil samples were taken from unfertilized areas where the corn showed 
marked symptoms of potassium deficiency, namely, marginal firing of the leaves 
and stunted growth. Samples were also taken from unfertilized areas a short dis- 
tance away where the corn appeared to be growing normally. In several instances, 
two samples of soil were taken from the area which was supporting good crop 
growth, and in one case two samples of the unproductive soil were obtained. In 
ail fields the sample from the area of normal plant growth was taken less than 
100 feet away from the area on which plants showed marked symptoms of potas- 
sium deficiency. Each sample was a composite of ten borings. All samples were 
taken at two depths, ws,, 0-6 inches and 6-'i2 inches. In no case was there an 
appreciable difference in the appearance of the soil at the two depths. 

The demonstrations carried on by the Extension Service furnished some gen- 
eral information on the yields of the unproductive spots and the response 5 f these 
areas to potassium fertilization. 

The exchangeable potassium was extracted by leaching 10 grams of soil with 
250 cc of normal ammonium acetate. The leachate was evaporated to dryness, 
treated with a 6% solution of hydrogen peroxide in order to destroy the organic 
matter, and the ammonia driven off. Potassium was determined in an aliquot 
representing 2 grams of soil by the method of Brown, Robinson, and Browning 
(5). This method was modified to include two washings of the precipitate with 
70% alcohol instead of the single washing. This method was found to extract 
practically all of the exchangeable potassium and to give reproducible results amJ 
satisfactory recovery of potassium from standard solutions. 
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Organic carbon was determined by the method of Walkley and Black (24). 

Carbonrite determinations were made by digesting 0.5 to 2.0 grams of soil with 
standard hydrochloric acid. The soil was then placed on a filter and the excess 
hydrochloric acid was washed out with barium chloride. The filtrate and washings 
were then titrated with standard sodium hydroxide, using methyl red as the in- 
dicator. 

In determining the potassium-fixing power of the. soil 3 cc of a standard potas- 
sium chloride solution were added to 10 grams of air-dry soil. The concentration 
of the solution used was such that this amount of potassium was equivalent to an 
application of 252 pounds per 2,000,000 pounds of soil The samples were then 
placed in a saturated atmosphere for 24 hours, after which the water-soluble and 
exchangeable potassium were determined by the same method used for the un- 
treated soil. The amount of potassium fixed b^rthe soil was obtained by sub- 
tracting the amount found from the sum of the oiiginal exchangeable potassium 
content of the soil and the amount added. 

The rate at which potassium is liberated from the non-exchangeable form was 
determined by exhausting the soil of exchangeable potassium and then incubating 
it for 80 days at 30% moisture. At the end of this tin^e the exchangeable potassium 
was determined and the amount found was considered to have been liberated 
from the non-exchangeable form. The removal of the exchangeable potassium at 
the start of the experiment was accomplished by leaching the soil with normal 
ammonium acetate. This followed by a leaching with calcium acetate to re- 
store the colloid to nearly its original condition in regard to calcium saturation. 
The excess calcium acetate was washed out with water before incubation. 

RESULTS 

FIELD OBSERVATIONS AND DATA 

The descriptioD of the plants at the time of sampling the soil and 
the yields and responses to potassium fertilization on the unproduc- 
tive areas are shown in Table i. Fig. i shows the appearance of the 
com on the untreated and fertilized plats in the Carlson field. Since 
the yield data in Table i represent the results from only one year, 
and since the plats were established as demonstration rather than on 
an experimental basis, the data must be regarded as only approxima- 
tions. However, the beneficial effect of potassium fertilization is 
definitely demonstrated. ;■ 

EXCHANGEABLE POTASSIUM AND OTHER CHEMICAL DATA 

The exchangeable potassium, ‘ calcium carbonate, and organic 
matter contents of the unproductive high-lime soils and the adjacent 
soils which supported good crop growth are shown in Table 2. 

In every ease it was found that the unproductive soils contained 
less exchangeable potassium than the soils from the same fields 
which supported good corn growth, the values being 31 to 743% 
greater in the latter. The same general relation held true for the sec- 
ond 6-inch layers, although in samples from the Barnes and Bennett 
fields the 6- to 12-inch layer of the productive soil was also quite low 
in exchangeable potassium. The first 6 inches of the unproductive 
soils contained an average of 151 pounds of exchangeable potassium 
per 2 million pounds of soil, whereas the productive soils averaged 
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396 pounds. Based on the average of the first and second 6 inches, 9 
of the 10 unproductive soils contained less than 175 pounds of potas- 
sium per 2 million pounds of soil, whereas 10 of the 12 soils which 
were supporting normal crop growth contained more than this 
amount. 

The unproductive soils generally contained more calcium carbonate 
than did the productive soils from the same field. The average amount 
of calcium carbonate in the top 6-inch layer of the soils on which corn 
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Fig. I. — Response of corn to potassium fertilizer on high-lime soils in the 
Carlson Field, 1938. Fertilizer was applied along the row with fertilizer at- 
tachment to cultivator approximately six weeks after planting. (Four rows 
per plat.) 

showed deficiency symptoms was 24,0% as compared with only 12.5% 
in the productive soils. In some cases there was very little difference 
in the calcium carbonate content of the productive and unproductive 
soils. Eight of the 10 soils on which the plants showed deficiency 
symptoms contained more than 15% calcium carbonate, whereas 8 
of the 12 soils on which normal corn growth was found contained less 
than this amount. ' 

The organic carbon content of all the soils was high, ranging from 
4.8 to 8.8%. There was no consistent relation between organic matter 
content and growth of the corn. 
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Table i, — Location of samples, description of plants, yields, and responses to potassium fertilization,^ 


Soil . . r t Yield of corn on 

s^ple Descnption of plants at time of sampling soil, July 15-16, 1938 untreated area, Response to fertilization 

biL per acre 


Patterson Field (Hamilton Co.) 


I Marked deficiency symptoms; good response to potassium fertiliza- 
tion 


45.4 I 74% from 125 lbs. of o-2a“io per a 


2 j Com normal, about feet bigh, 60 feet from sample i | 

Nolte Field (Wright Co.) 


3 Marked deficiency symptoms; good response to fertilization; corn 
about I foot high 


95% from 200 lbs. KCl per acre 
77% from 100 lbs. KCl per acre 


4 Com apparently normal, 4 to 5 feet high 


5 I Very good corn growth; 80 feet from sample 3 | i 

DeWolf Field (Pocahontas Co.) 

6 I Deficiency symptoms; com 2^ feet high; good response to fertiliza- ! 42.5 | 42% from 200 lbs. KCl per acre 


10% from 100 lbs. KCl per acre 


7 NoVmal com growth, about 5 feet high; 50 to 70 feet from sample 6 82.1 

8 Normal corn, about 5 feet high 

Carlson Field (Pocahontas Co.) 

9 I Marked deficiency symptoms, i to 2 feet high ; good response to fer- | 6.7 

tilization 


930% from 500 lbs. KCl per acre 
728% from 200 lbs. KCl per acre 


10 Normal com, 5 to 6 feet high ; 20 feet from sample 9 


1 1 I Vigorous com growth . 6 to 6 }i feet high 


Barnes Field (Palo Alto Co.) 


12 j Marked deficiency symptoms 


13 I Nomial corn growth, about 5 feet high 1 

Conway Field (Palo Alto Co.) 

14 I Deficiency symptoms; some response to fertilization I 


23% from 200 lbs. KCl per acre 
26% from 100 lbs. KCl per acre 


1 5 Marked deficiency symptoms ; 25 to 30 feet from sample 1 4 

1 6 Normal com, about 5 feet high ; 50 feet from sample 1 5 


Vaudt Field (Kossuth Co.) 


17 Marked deficiency symptoms; good response to potassium fertiliza- 1 
. . tion . ■ i 


188% from 200 lbs. KCl per acre 
151 % from 100 lbs. KCl per acre 


1 8 i Normal com 5 to 6 feet high ; 60 to 70 feet from sample 1 7 


Bennett Field (Story Co.) 

1 9 j Normal com about 4 feet high ; 40 to 50 feet from sample 20 i 


20 i Marked symptoms of potassium deficiency 


Erickson Field (Story Co.) 


2 1 Marked symptoms of potassium deficiency 

22 Normal com 4 to 5 feet high; 40 to 50 feet from sample 21 


♦Since plats were not replicated, yield and response data are only approximations. 
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Table 2. — The exchangeable potg^ssium, calcium carbonate, and organic carbon 
content of soils from ufiproductive areas and from adjoining areas of normal 
crop gro%vth. 


vSample 

No, 

Deseription 
of plants 
in July 

Depth of 
soil samples, 
inches 

Exchangeable 
potassium, 
lbs, per acre* 

0 

0 

Organic 

carbon 

% 



Patterson Field 



■ ■ I 

Deficiency 

0-6 • 

205 

26,0 

7.9 


symptoms 

6-12 

143 

17.4 


2 - 

Normal 1 

, ,o--6 

381 

9-2 1 

5-7 


i:iTowth 

6-1.2 ■ 

287 

3-6 




Nolte Field 



3 

Deficiency 

0-6 

148 

18.7 

6.9 


symptoms 

6-12 

123 

6.0 


4' 

Normal 

0-6 

196 

18.0 

7.8 


Lmowth 

6 ~I2 

169 

17,6 


5 

Normal 

0-6 

1 273, 

2.5 

5*1 


growtli 

6-12 

277 

1.8 



DeWolf Field 


Carlson Field 


Barnes Field 


Conwa}^ Field 


6 

Deficicnc}’’ 

0-6 

148 

20.8 


symptoms 

6-12 

128 

22.7 

7 

Normal 

0-6 

401 

21.4 


growth 

6-12 

376 

23.1 

8 

' Normal 

0-6 

317 

3.2 


growth 

6-12 

291 

3.0 


9 

Deficiency 

0-6 

162 

21.7 


j symjdoms 

6-12 

87 1 

22.5 

10 

■ 

j Normal 

0-6 

952 

1 1.6 


i growth 

6-12 

789 

13-7 

n 

Normal 

■' ’ 0-6 

1,780 

16.2 


growth 

■"'6--12 

i»759 

22.8 


12 

Deficiency 

0-6 

85 

27.6 


symptoms 

6-12,. 

78 

39- 5 

X3 

Normal . 

d~6 

185 

25.5 


i growth 

' ■ ■ 6-12, 

84 

34.2 


5-5 

6.4 

4.0 

5.1 

5.9 

7.3 

6,7 

7.3 


14 

Deficiency 

0-6 

189 

30.7 

8.6 


symptoms . 

6-12 

96\ 

34-8 


15 , 

Deficiency 

0-6 

'''■'164'"' ' 

32.6 

8.8 


symptoms i 

6-12 

53.. 

41.9 


16 

Normal 

■■ 

'^392'' 

12.8 

7.0 


■ growth 

6 -I2 

210 

1 ■ II-3 
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Table 2.— Concluded. 


vSample 

Description 

Depth of 

Exchangeable 1 

CaCO, 

Organic 

No. , 

of plants 
in July 

i 

soil samples, 
inches 

potassium, | 
lbs. per acre* 

% ■ 

' 

, , . 1 

carbon 

% 


Vaudte Field 


17 

Deficiency 

0-6 

^95 

134 


symptoms 

6-12 

I7I 

12.0 



Whittemore Field 


18 

Normal 

0-6 

278 

9*4 


growth 

6-12 

241 

8.2 



Bennett Field 


19 1 

Normal 

0-6 

178 

12.6 


growth 

6-12 

97 

11.3 

20 

Deficiency 

0-6 

136 

35*b 


symptoms 

6 ~ I 2 

68 

33*8 


Erickson Field 


21 

Deficiency 

0-6 i 

107 

20.6 


symptoms 

6-12 

98 

134 

22 

Normal 

0-6 

189 

6.4 


growth 

6-12 

175 

2.5 


Averagef 



Deficiency 

symptoms 

0-6 

151 

■.■,24.0, , 1 

6,1 


Normal 

growth 

0-6 

396 

12.5 

6.2 


^Calculated on basis of 2,000,000 pcmnds of soil per acre 6 ?^ inches. 

t When two samples of soil showing the same type of plant growth were taken from one field, the 
analyses of the tw^o samples were averaged and considered as one figure in computing the average 
for all fields. 

POTASSIUM FIXATION STUDIES 

The results of the study on potassium fixation are shown in Table 3, 

In every case the unproductive soil fixed more potassium than the 
productive soil from the same field, the average fixation being 211 
pounds of potassium per 2 million pounds of soil for the former and 
only 105 pounds for the latter. One of the unproductive soils, number 
3A, fixed all of the potassium added and 71 pounds per acre of potas- 
sium which was originally exchangeable, a total fixation of 323 
pounds. The lowest amount of potassium fixed by any unproductive 
soil was III pounds per acre. Sample 1 1 A, which supported normal 
corn growth, not only showed no potassium fixation hut released 88 
pounds of potassium per 2 million pounds of soil during the time that 
it was allowed to stand in a moist condition. 

The potassium-fixing power of 10 non-calcareous soils, which repre- 
sent some of the more extensive soil types in Iowa, was determined by 
the same methods as were used on the soils from fields containing un- 
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Table 3 . — Potassium fixation by productive and tmproducHve high-lime soils,"*" 


Sample 

No. 

Nature of soil 

Original 

exchangeable K, 
lbs. per acre 

K fixed, 
lbs. per acre 


Patterson Field 


lA 

Unproductive 

205 

1 194 

2A 

Productive 

381 

1 161 


Nolte Field 


3 A 

Unproductive 

1 148 

323 

4A 

Productive 

196 

171 

SA 

Productive 1 

1 

157 


DeWolf Field 


6A 

Unproductive 

148 

265 

7A 

Productive 

401 

141 

8A 

Productive 1 

317 

213 


Carlson Field 


9A 

Unproductive 

1 162 

230 

loA 

Productive 

952 

i 49 

iiA 

Productive. 

1,780 

88 t 


Barnes Field 


12A 1 

! Unproductive 

85 

228 

13A 1 

1 Productive 

185 

123 


Conway Field 


14A 

Unproductive 

189 

X5I 

rsA 

Unproductive 

164 

170 

16A 

Productive 

392 

90 


Vaudte Field 


17A 1 

Unproductive 

195 

182 

18A 1 

Productive 

278 

120 


Bennett Field 


19A 1 

Productive 

178 

5b 

20A 1 

Unproductive 

136 

III 


Erickson Field 


2IA 1 

Unproductive 

107 

205 

22A 1 

Productive 

189 

75 

. >■ 

Average 


1 

Unproductive 

151 

211 

1 

Productive 

396 

105 


^Calculated on basis of 3,000,000 pounds of soil per acre 6 ?^ indies. 
tReleased rather than fixed. 


productive high-lime areas. The original content of exchangeable 
potassium and the potassium-fixing power of these soils are given in 
Table 4. It is evident from the data that the non-calcareous soils 
fixed very little potassium, the average fixation for the 10 soils being 
only 13 pounds per 2 million pounds of soil. 
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Table 4. — Pota'ssium fixation by acid upland soils. 


Soil type 

Soil group 

Original ex- 
changeable 
potassium, 
lbs. per acre 

Potassium 
' fixed, 

lbs, per acre* 

Tama silt loam 

Normal Prairie 

638 

,-82 

Edina silt loam 

Planosol 

179 

24 

Grundy silt loam 

Planosol 

429 

24,: 

Tama silt loam 

Normal Prairie 

660 


— — *«— — 

Clarion loam 

Young Prairie 

366 

47 

Marshall silt loam 

Normal Prairie 

527 


Marshall silt loam 

Normal Prairie 

1,114 

10 

Fayette silt loam 

Gray Brown Podzolic 

140 

52 ■ 

Clinton silt loam 

Gray Brown Podzolic 

283 

44 

Carrington loam 

Normal Prairie 

191 

n, 

Average 


453 . 

13 


*The amount of potassium chloride added to the soils was equivalent to 252 pounds of potassium 
per acre (2,000,000 lbs. soil). 


STUDIES ON POTASSIUM LIBERATION 

The results of the study on the liberation of potassium from the 
non-exchangeable form are shown in Table 5. As previously stated, 
the exchangeable potassium was removed from these soils before 
incubating them for 80 days at 30% moisture. The amount of ex- 
changeable potassium found at the end of the incubation period, 
therefore, represents the amount liberated from non-exchangeable 
form. The amounts thus obtained ranged from 45 to 117 pounds of 
potassium per acre. In four of the five fields studied the productive 
soils liberated more potassium than the unproductive soils. The 
differences, however, are not great. One acid soil, the Edina silt 
loam, liberated about the same amount of potassium as most of the 
calcareous soils 

The fertilized soils that had received 850 pounds of potassium in 
the form of potassium chloride in growing two crops of corn released 
considerably higher amounts of potassium during the So days in- 
cubation period than the unfertilized soils. The actual differences are 
low, however, when compared with the large amounts added, corrob- 
orating the fact that these soils possess a high fixing power for 
potassium. 

GENERAL DISCUSSION 

The data given in Table 2 indicate that the differences in plant 
growth on the unproductive high-lime areas as compared to that on 
the adjacent soils may be due, at least partly, to differences in the 
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amounts of exchangeable potassium present. This is emphasized by 
the fact that the productive soils contained an average of 151% 
more exchangeable potassium than the unproductive soil from the 
same field. 


Table Potassium released from soils in So days following removal of the 
exchangeable potassium, expressed as pounds per acre, 


Field 

Sample 

No. 

Nature of soil 

Original 
amount of 
exchange- 
able K 

K released 

DeWolf 

6A 

Unproductive 

148 

52 ■ 


8A 

Productive 

317 

69 

Barnes 

12A 

Unproductive 

85 

65 


13A 

‘Productive 

185 

79 

Vaudt 

17A 

Unproductive 

195 

64 


18A 

Productive 

278 

78 

Nolte 

Git 

Unproductive 

13B 

60 


G2 

Productive 

250 

54 


Gi 

Unproductive, fertilized 

294 

87 


G2 

Productive, fertilized 

441 

67 

Carlson, 

G3 

Unproductive 

180 

45 


G4 

Productive 

440 

70 


G3 

Unproductive, fertilized 

399 

113 

- 

G4 

Productive, fertilized 

841 

117 

Edina 


Planosol 

179 

72 

Average 


Unproductive, unfertilized 

149 

57 



Productive, unfertilized 

294 

70 


^Calculated on basis of 2,000,000 pounds soil per acre 6?-^ inches. 

fThe ^prefix G shows that the soils had been used in plant response studies in the greenhouse. 
The fertilized pots received a total of 850 pounds of potassium per acre in the form of potassium 
chloride. The two plantings of corn on these pots were harvested after 30 and 36 days, respectively. 

When comparisons are made of soils from different fields, however, 
it becomes evident that certain of the soils which supported normal 
corn growth were lower in exchangeable potassium than some of the 
unproductive soils from other fields. It is apparent, therefore, that in 
addition to the actual amount of exchangeable potassium present 
other factors influence the response of plants to potassium fertiliza- 
tion on these soils. One of these factors may be the calcium-potassium 
ratio in the soil solution, for various worters have pointed out that 
excessive amounts of available calcium, may exert a depressive effect 
upon the absorption of potassium by plants (8, 9, 14, 20). 

Sears (17) found that the unproductive high-lime soils of Illinois 
contained excessively high amounts of nitrates and concluded that 
this was partially responsible for the low productivity of these soils. 
Since these soils contained large amounts of calcium carbonate, it is 
quite likely that the nitrates were present as calcium nitrate. Thus, a 
high concentration of nitrates would mean a large amount of soluble 
calcium and a wide calcium-potassium ratio in the soil solution, a 
condition that would decrease the absorption of potassium by plants. 
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A number of investigators Have studied the amount of potassium 
necessary for good crop growth. Bray (3) concluded that soils that 
contain 140 pounds or more of exchangeable potassium per acre in 
the surface 6^^ inches will give good crop growth on well-managed 
corn belt soils, that soils containing from 90 to 140 pounds will prob- 
ably respond to potassiimi fertilization, and that those below 90 
pounds will show good responses to potassium fertilization, 

Volk and Truog (21) place the dividing line between potassium 
deficient soils and those not deficient at about 165 pounds of ex- 
changeable potassium per acre. 

Murphy (15) states that soils of Oklahoma which contain more 
than 120 pounds of exchangeable potassium per acre will usually 
support good crop growth, although occavSional responses to potassium 
fertilization may be obtained on soils containing up to 200 pounds 
per acre. 

As shown in Table 2, corn made very poor growth, and showed 
signs of extreme potassium deficiency on some of the high-lime soils 
of this study, even though they contained from 140 to 200 pounds of 
exchangeable potassium per 2,000,000 pounds of surface soil. Since 
the investigations of Bray, Volk and Truog, and Murphy indicate 
that soils with this amount of exchangeable potassium should, be only 
slightly deficient, it is evident that more exchangeable potassium is 
necessary for good plant growth on high-lime soils than on the 
normally acid soils of central United States which were studied by 
these investigators. This difference may likewise be due to calcium- 
potassium antagonism in high-lime soils. 

The unproductive soils generally contained more calcium carbonate 
than the productive soils from the same field, although some of the 
productive soils were quite high in calcium carbonate content. This 
indicates that the calcium carbonate contemt of these soils is not the 
controlling factor in determining the productivity of the two types of 
areas. For example, soils 6 and 7 contained practically the same 
amounts of carbonate, although the latter produced almost twice as 
much corn as the former. However, soil 7 contained about three times 
as much exchangeable potassium as soil 6, which probably accounts 
for the difference in productivity. The same relationship is shown by 
comparing soils 3 and 4 and also soils 12 and 13. 

The data on potassium fixation indicate that differences in the 
potassium-fixing power of productive and unproductive soils may 
account partly for the differences in. the amounts of available potas- 
sium present and therefore be the underlying cause of potassium de- 
ficiency in the former soils. It is of interest to note that the potassium- 
fixing power of the acid soils was very low^ in comparison to that of 
the calcareous soils; This no doubt explains the fact that in field 
experiments very little residual effects have been observed from heavy 
broadeast applications of potash fertilizers. 

The results of the study on the liberation of potassium from the 
non-exchangeable form indicate that liberation may be slightly more 
rapid in the soils which supported good crop growth. The differences, 
however, do not seem to be large enough to explain the difference in 
crop growth obtained on the two types of areas. 
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SUMMARY AND CONCLUSIONS 

Unproductive high-lime soils from nine different fields in north 
central Iowa were compared with soils from the same fields which 
supported normal crop growth. The results may be summarized as 
follows: 

1. Within any given field the productive soil contained from 31 to 
over 700% more exchangeable potassium than the unproductive soil. 
The latter averaged 15 1 pounds of exchangeable potassium per acre 
(2 million pounds), whereas the productive soils averaged 396 pounds. 

2. Seven of the 10 unproductive soils contained less than 175 
pounds of exchangeable potassium per acre, whereas all 12 of the 
productive soils contained more than this amount. 

3. The unproductive soil was generally higher in calcium carbonate 
than the productive soil from the same field, the average content of 
the former being 24.0%, and of the latter 12.6%. 

4. Eight of the 12 productive soils contained less than 15% cal- 
cium carbonate in the surface 6 inches, whereas 9 of the 10 unproduc- 
tive soils contained mote than this amount. 

5. In every field, the unproductive soil showed a greater potassium- 
fixing power than the productive soil. The average amount of potas- 
sium fixed by 10 unproductive calcareous soils was 21 1 pounds per 
acre, by 12 calcareous productive soils 105 pounds, and by 10 acid 
soils only 13 pounds. 

6. In four out of five fields studied the productive soils showed a 
more rapid liberation of non-exchangeable potassium, although the 
differences were relatively small 

From these results it may be concluded that: 

1 . Differences in the amounts of exchangeable potassium present 
may account, at least in part, for the differences in plant growth be- 
tween unproductive high-lime soils and adjacent soils which support 
normal plant growth. 

2. The high-lime soils of Iowa apparently require more exchange- 
able potassium in order to support good crop growth than do the 
normally acid soils of central United States. 

3. Excessively high concentrations of calcium carbonate and bi- 
carbonate may contribute, either directly or indirectly, to the low^ 
productivity of these soils. 

, ^ 4. On the basis of the relatively few soils studied in this investiga- 
tion, it would appear that soils of north central Iowa which contain 
more than 15% calcium earbonate and less than 175 pounds of ex- 
changeable potassium per acre will likely show signs of extreme 
potassium deficiency and respond markedly to potassium fertiliza- 
tion. Some high-lime soils containing more than this amount of 
exchangeable potassium may also give good response to potassium 
fertilization. 

5. The high potassium-fixing power of unproductive high-lime 
soils may be responsible for the relatively low amounts of exchange- 
able potassium in these soils no doubt explains the small residual 
effects obtained from applications of potassium fertilizers. 
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GERMINATION OF THE SEED OF POVERTY GRASS, 
DANTHONIASPICATA^ 

Vivian Kearns Toole^ 

P OVERTY grass, Danthonia spicata (L.) Beativ., is a perennial 
with rather wide distribution on poor soils throughout the eastern 
United States. Because of the ability of this grass to grow on poor and 
eroded soil, it may have some value for erosion control work. Two 
samples collected in the Shenandoah National Forest by D. W. 
Levandowsky were submitted by M. M. Hoover of the Soil Conser- 
vation Service with the request that experiments be made to deter- 
mine the germination requirements of this seed. No published infor- 
mation has been found on the germination requirements of Dan- 
ihonia spicata. 

The writer wall not attempt to review the extensive literature on 
the occurrence of dormancy of seeds and methods for overcoming 
dormancy which has been reviewed by Crocker (2, 3),^ Toole (7), and 
others. 

The greater part of the work on sulfuric acid treatment of seeds 
deals with cotton and legumes and will not be reviewed here. Burton 
(i) has recently published on the beneficial effect of treatment with 
vSulfuric acid on several species of southern grasses and found that 
crude sulfuric acid of approximately 78% strength could be used 
successfully. vStoddart and Wilkinson (6) showed that the seed of 
Oryzopsis hymenoides^ a western grass, is benefitted by treatment 
with concentrated sulfuric acid, the length of treatment giving best 
results depending on the size of the seed. Huntamer (4) found a 5- 
minute treatment with concentrated sulfuric acid beneficial for 0. 
hymenoides. 

MATERIALS AND METHODS 

As stated above, two samples were used in these experiments. Samples No. i 
and No. 2 presumably of 1938 harvest were received on August 29 and December 
22, 1938, respectively. Apparently both samples were from the same original bulk, 
the difference in results with the two samples being due to difference in storage 
conditions. Sample No. i was stored as a small sample in the laboratory during 
the 4 months that sample No. 2 remained in bulk storage. 

The seed as received was cleaned by means of an air blast blower. Both samples 
contained approximately 77% of heavy caryopses. /Only the heavy caryopses 
were used in this study. The seed was placed for germination in Petri dishes on 
paper toweling saturated with tap water or with a 0.2% solution of potassium 
nitrate. Tests were made in duplicate. The seed was germinated at both constant 
and alternating temperatures. The alternation of temperature was secured by 
transferring the test from one germination chamber to another, the test remaining 

^Contribution from the Division of Fruit and Vegetable Crops and Diseases, 
Bureau of Plant Industry, U. S. Dept, of Agriculture. Received for publication 
September 9, 1939. 

junior Botanist. Grateful acknowledgment is made to E. H. Toole for his 
suggestions and criticisms throughout these investigations, and to V. R. Boswell 
for his assistance with the statistical analysis, 

^Figures in parenthesis refer to “Literature Cited”, p, 965. 
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at the first temperature listed for 17 and at the second temperature for 7 hours 
out of each 24 hours* The temperature of the germination chambers was controlled 
within I degree of that listed* In order to obtain light exposure accompanying a 
high temperature alternation, the test was placed in a north window of an air- 
conditioned building for the 17-hour period. The room temperature varied from 
16° to 24“ C. 

To prechill the seed it was placed on moistened paper toweling and held at 
3^ or at 10° C for various lengths of time. The temperature of the 3“ chamber 
varied between 2° and 5® C. The time of counting is dated from the day the seed 
was placed, to prechill and not from the day the seed was transferred to the 
germination temperature. 

To treat the seed with sulfuric acid, the seed, was placed in a small porcelain 
cruci]:>le, covered with an excess of acid, and stirred comstaiitly for the designated 
time. The treated seed then was washed in running tap water for 30 to 45 minutes 
and dried thoroughly before placing to germinate. The approximately 71% 
sulfuric acid used was made by diluting 3 parts of concentrated sitlf uric acid 
(.sp. gr- 1.84 and at least 94%) with i part distilled water by volume. 

The sprouts were counted at regular 7-day intervals. Those seeds were con- 
sidered as germinated which produced a normally developed seedling. 

Germination figures summarized in Tables i, 3, and 5 are in all cases mean 
values, based on duplicate tests of 100 seeds each. Values for '‘error” and tests of 
significance of differences liave been calculated by the analysis of variiJLnce method 
as adapted by Snedecor (5). 

PREvSENTATION OF RESULTS 

The study of various pretreatments with prechilled temperatures 
and with sulfuric acid, of the effect of potassium nitrate, and of the 
effect of two germination temperatures on the two samples of seed 
was broken down for simplification of presentation into Tables i to 6, 
inclusive. 

GERMINATION AT VARIOUS TEMPERATURES 

Sample No. i , when first received, was germinated at the constant 
temperatures of lo®, 15®, 20®, 25^, and 30"^ C, and at the alternating 
temperatures of 10^ to 25*^, i *;® to 25^, 20® to 30®, 20® to 35®, and 20® 
to 40®, each with water and with 0.2% solution of potassium nitrate. 
Since 15% was the highCvSt germination obtained in 63 days, the data 
hardly i*equire presentation in tabular form, Prechilling at 3® and at 
10® followed by germination at alternating temperatiirt^s gave higher 
results that suggested the value of further work along this line. 

PRECHILLING TREATMENT 

In January, 1939, .seed of sample No. 2 was prechilled at 3® C and 
at 10® for 14, 21, and 28 days, then germinated at 10® to 25® and at 
room temperature to 35®, with and without the use of potassium 
nitrate. The results are given in Table i and the. analysis of variance 
is given in Table 2, The mean of all tests prechilled at 3® is signifi- 
cantly better than the mean of all tests pi'cchilled at 10®. There is a 
significant difference between the two prechilling temperatures when 
germinated at 10® to 25® and a highly significant difference between 
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the two prechillings when germinated at room temperature to 35°. 
PrechiHing at 3° is decidedly better than at 10° when germinated at 
either room temperature to 35“ or at 10° to 25° with the use of tap 
water and at room temperature to 35° with the use of potassium 
nitrate. The differences in germination among the tests that were pre- 
chilled different numbers of days were quite variable, being signifi- 
cant in some cases showing a progressive benefit with longer treatment 
at the 3“ prechilling temperature. Prechilling at 3° for 63 days ap- 
pears to be the most effective. Greater differences in germination were 
generally observed among the various times of prechilling than be- 


Tablf. I. — Cerminalion in jip days of seed of Danthonia spicata {sample No. 2 ) 
at indicated temperatures ivith specified treatment, means of duplicate 
100 .seed tests.* 


Germina- 

tion 

tempera- 
ttire, ®C 

Treat- 
ment of 
medium 

Dura- 
tion of 
prechill- 
ing, 
days 

Percentage germination I 
response to precliilling | 
treatment at ^ 

Me 

Number ' 
of obser- | 
vations 

Jan 

Germi- 

ination, 

% 

Number 
of obser- 
vations 

3°C 

10° C 



H 

2 

21.5 

32.5 

4 

27.0 


Nitrate 

28 

2 

53-5 

41.5 

4 

47.5 



» 63 

2 

87.0 

83.5 

^ 4 

85-25 



Mean 

6 

54-0 

52.5 

X2 

53.25 


, 

14 

2 

5-0 

4‘5 

; 4 

4-75 

10® to 25® 

Water 

28 

2 

11.5 

5-0 

. 4 

8.25 



63 

2 

76.0 

48*0 

1 4 ^ ■ 

j 62.00 



Mean 

6 

30-8 

19. X 

12 ■ 

24.9 



14 

4' ^ 

13.25 

18.5 

8 

15-87 


Mean 

28 

4 

32.5 

23.25 

8 

27.87 



63 

4 j 

81.5 

65-75 

8 

73-62 

■ ' ■ i 


Mean 

12 i 

424 

35-8 

24 

39.1 



' H . ! 

2 

65.5 

59.5 

■ 4 

62.5 


Nitrate 

28 1 

2 

79.0 

75.0 

4 

77*0 



■■63 ■■ 1 

2. 

87.0 

47.0 

4 

67.0 



1 Mean I 

6 

77*1 

60.S 

12 

68.8 




2 

27.5 

35.5 

'■ / 4 

31.5 

Room 

Water 

\ . 28' ■ 

■ 2 ■ ■ 

62.5 

42.0 

4 

52.25 

to 35® 


63 

■ 2 ^ 

69.0 

44.0 

4-‘ . 

56.5 



Mean 

' ^ 

53.0 

40.5 

12 

46.75 



14 

1 4 

46.5 

47.5 

8 

47.00 


Mean 

28 

\ : ' ■ 4 

70.75 

58.5 

8 

64.62 



63 

\ 4 

78 0 

45.5 

8 

61.75 



Mean 


i 65.05 

1 50.5 

24 

'^'.'m *77 


(Lfterences required for significance are: Between means at 3 observations 30.12%: 
between means involving 4 observations 12.12%; 6 observations 9.00%; 8 observations 7.50%; 12 
observations 5-96%; 16 observations s.06%; 24 observations 4.05%. 
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T ABLE I . — Concluded . 


Germina- 

tion 

tempera- 
ture, °C 

Treat- 
ment of 
medium 

j Dura- 
tion of 
prechill- 
ing, 
days 

Percentage germination 
i response to prechilling 
treatment at 

L,. . ' _ 

Mean 

1. ■ ' ■ ■ _ ■ ' 

Number 
of obser- 
vations 

Gerpii- 

ination, 

% 

Number 
of obser- 
vation.s 

3“C 

10° C 



14 

4 

43-5 

46.0 

8 

44-75 


Nitrate 

28 

4 , 

66.25 

58.25 

8 

62.25 



63 

4 

87.0 

65.25 

8 

76,12 



Mean 

12 

6S-S 

56.5 ' 

24 

61,00 



14 

4' 

1 6.25' 

20.0 

8 

18.12 

Mean 

Water 

28 

4 

37.0 

23.5 

8 

3«.25 



63 

4 

72.5 

46,0 

8 

59-25 



Mean 

12 

41.9 

29.8 

■ 24 ■ 

35.85 



14 

8 

29.87 

33-00 

16 " I 

31.43 


Mean 

28 

8 

51.62 

40.87 

16 

46.24 



63 

8 

79-75 

55-62 

16 

67.68 



Mean 

24 

53-72 

43.16 

48 

48.43 


Table 2, — Analysis of variance of germination data in Table i. 


Source of variation 


TotaL 

Prechilled temperatures (5° and 10° C) 

Germination temperatures (10-^25 and R-55) 

Treatments (No. of days prechilled). 

Between KNO3 and H3O. 

Prechilled temperatures X germination temperature 

Prechilled temperatures X treatment 

Prechilled temperature.s X nitrate 

Germination temperature X treatment. 

Germination temperature X nitrate 

Treatment X nitrate 

Prechilled temperature X germination temperature x 

treatment ^ 

Prechilled temperature X germination temperature Xni - 1 

trate. 

Germination temperature X nitrate X treatment . 

Prechilled temperature X treatment X nitrate ... 

Prechilled temperature X germination temperature X ! 
treatment X nitrate, .... ..... , . . ..... ... . - 

Error. 

^Variances are highly significant with reference to error. 
tNot significant with reference to error. 
tSignificant with reference to error. 


j Degi-ees of | 
freedom 

47 

■■■' I.' 

r 


1 

2 

2 
2 ■ 
24 


Mean 

square 

724.08 

1,344.08* 

5.314-77* 

7,600,33* 
192.0lt 
742.63* 
27.01 1 
2,830.02* 
ir 4 . 09 t 


235- iSt 

57.84t 

154.07! 

167.64! 

13.68! 

259-74! 

49.00 
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tween the prechilling temperatures used. The greatest difference in 
nitrate response was associated with the shorter prechilling periods. 
The proportional effect of nitrate versus water is approximately the 
same at both germination temperatures and at the two prechilling 
temperatures. 

TREATMENT WITH CONCENTRATED SULFURIC ACID 

Treatment of the seed with concentrated sulfuric acid for 1,3, and 
5 minutes in October, 1938, and then germinating the seed at 10® to 
25"^, 20° to 30®, and at room temperature to 35° C gave higher results 
than the check test at the same temperatures. The best results (43% 
germination) were obtained with a 5-minute acid treatment followed 
by germination at room temperature to 35°. However, some of the 
seeds apparently were injured and some still remained sound and 
ungerminated. 

TREATMENT WITH APPROXIMATELY 71% SULFURIC ACID 

111 January, 1939 at the time the prechilling experiment was con- 
ducted, seed from samples Nos. i and 2 was also treated with 71% 
sulfuric acid for 0, 15, 30, and 45 minutes and then germinated at 10° 
to 25° and at room temperature to 35° C, The tests were in duplicates 
of 100 seeds each with 0.2% solution of potassium nitrate and with 
water. The results for the 28 and 1. 19 day counts are given in Table 3, 
and the analysis of variance in Table 4. 

The results of the analysis of variance indicate highly significant 
differences in germination due to each of the several single factors 
studied. Nearly all interactions were also significant. The difference 
in response of the two samples probably was due to the fact that the 
sample stored in the laboratory for the longer period had dried out 
more and was therefore more resistant to germination. The room 
temperature to 35^ germination temperature was strikingly better 
than 10 to 25®. Potassium nitrate induced a higher percentage germi- 
nation in 28 days at 10° to 25^ but not at room temperature to 35*^; 
the increase is generally evident at both temperatures by 119 days. 
Pretreatment with 71% sulfuric acid for 30 to 45 minutes and then 
germinating at room temperature to 35° G with the use of potassium 
nitrate afforded the optimum condition. With sample No. i, 15 min- 
utes was not long enough acid treatment to give the best results, but 
longer treatment than 30 minutes did not seem, to be necessary. With 
sample No. 2 there was no signifiGant difference among the three acid 
treatments when germinated at room temperature to 35°. 

As stated above the optimum condition for the germination of this 
seed requires careful control of not one major factor but of several 
factors, as shown by the high significance of the interactions involved. 

There is a significant difference in the response of the tw^o samples 
at the two germination temperatures, the greater difference between 
samples being at 10° to 25° C. This sample difference had decreased 
by the final count but was still of significance. The difference in re- 
sponse of the two samples to nitrate was somewhat variable and of 
doubtful importance. At 28 days the samples showed greater variance 
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in response to the germination temperature than to nitrate, but by 
the final count at 119 days the variance due to nitrate was greater 
than that due to the germination temperature. At 28 days the un- 
treated seed were little affected by nitrate, but by iig days there was 
a greater effect of nitrate on the untreated samples. The high variance 
due to acid treatments was brought about mainly by the low value 
of the zero time treatment. 

DOUBLE TREATMENT WITH APPROXIMATELY 71 % SULFURIC ACID 

The results obtained in the preceding experiment showing approxi- 
mately 85% germination or better appeared to represent the full 
value of the sample since the seeds either germinated or decayed. 
Some of the treated tests resulted in about io% lower germination 
with sound seeds remaining at the end of the expeiiment. The writer 
thought that perhaps a short time of treatment of the seed with acid, 
thoroughly washing and drying, and followed by another short period 
of treatment, thoroughly washing and drying, might give a more uni- 
form response. Tx‘eatments of 15 and 15, 15 and 30, 30 and 15, 30 
and. 30, 45 and 15, and 45 and 30 minutes were tried. The seed was 
then put to germinate at 10° to 25® and at room temperature to 35° G 
with, and without the use of potassium nitrate. In every case there 
was decided injury to the seed. Sample No. i treated 15 and 15 
minutes and tested at room temperature to 35^ geiminated 34 and 
29% with the use of potassium nitrate and water, respectively. Con- 
trast this with the 30-minute treatment shown in Table 3. The longer 
the period of the two treatments, the greater was the injury to the 
seed. 

ACID TREATMENT VERSUS PRECHILLING 

The 45-minute treatment with 71% sulfuric acid and the 3® C 
prechilling tests were selected for this comparison. There was no 
significant difference between the prechiUed 63-day and the 45-- 
minute acid treatment tests at 10® to 25® with potavssium nitrate or 
with W’ater; at room temperature to 35® there was a vSignificant differ- 
ence with water but not with potassium nitrate. The 45-minute acid 
treatment was significantly better than the 14 and 28 days pre- 
chiiling when germinated at either temperature. The final germination 
results are given, in Table 5 and analvsis of the variance of data in 
Table d. . ’' 

PRECHILLING IN ADDITION TO ACID TREATMENT 

Seed of the two samples treated with 71% sulfuric acid for 15, 30, 
and 45 minutes was prechilled at 10® G for 28 days before subjecting 
them to the germination temperature, room tempei'ature to 35® C. 

As shown in Table 3, the acid treatment alone brought about 
maximum germination in most cases. However, prechilling was of no 
additional benefit on the 15-minute acid treatment with water that 
gave incomplete germination of the viable seed. The results are not 
given in tabular form. 



Mean for 28 days I I I i6 | 10.3 I 54.43 I 57-22 j 69-06 
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Table 4. — Analysis of variance of germination data in Table 


Source of variation 

Degi’ees of 
freedom 

28 days 
'mean 
^ square* 

119 days 
mean 
square* 

Total 

63 

^ 801.66 

711.23 

Temperatures 

I 

1 10429.52 

3,011.26 

Between KNO^ and HaO 

I 

523.27 

5.130-14 

Between samples 

I 

1 2468.15 

631.26 

Between acid treatment 

3 

10,604.81 

10,530.89 

Temperature XKNO3 

I 

546-39 

1.359-77 

Temperature X sample 

I 

467.63 

47-27t 

Temperature X acid treatment. 

3 

629.72 

141.27 

KNO.,Xsaniple. . . , . ................. 

I 

ii 2 . 89 t 

92.64 

KNO|X acid treatment. 

3 

117.56 

243.89 

Sample X acid treatment 

3 

216.43 

55-26 

Temperature XKNO.^X sample. . 

I 

I7,02t 

206.64 

Temperature XKNO.1X acid. 

3 

48-931 

75-18 

Temperature X sample X acid. ......... 

3 

' 79-18 

160.93 

Sample X acid X nitrate 

3 i 

22.l8t 

60.56 

Sample X KNO-, X acid X temperature . . , 

■ 3 i 

9-89! 

100.38 

B>ror 

132 i 

20.42 

6.98 


*Untess otherwise indicated, variances are highly significant with reference to error. 
fSignificant with reference to error, 
j Not significant with reference to error. 


Table 5. — Germination in 11 g days of seed of Danthonia spicata {sample No, 2) 
at the indicated temperatures with specified treatment, means of duplicate 
100 seed tests* 


Germi- 

tion 

tempera- 

ture, 

■TC 

Treat- 

ment 

of 

medium 

Percentage germination of tests 
pretreated as shown 

Mean 

i No, of 
obser- 
vations 

Prechilled for 

Acid 

45 

min. 

I 

No. of 
obser- 
vations 

Germi- 

nation, 

% 

1 

■ 14 

days 

28 

days 

63 

day.s 

10'^ to 25° 

Nitrate 
Water ' 

.2 . 

2 

21.5 

5-0 

53-5 

|ii-5 

87.0 

76.0 

83.0 

75.0 

8 

8 

61.25 

42.00 

Mean 

4 

13-25 

32-5 

81-5 

79.0 

16 

51.62 

Room to 
35“ 

Nitrate 

Water 

■ ■ 1 

2 

■ 2' ■■ 

65-5 

27-5 

79.0 

62.5 

87.0 

69.0 

88.5 

86.0 

8 

8 

78.7 

61.2 

Mean 

4... 

46.5 

70-75 

78.0 J 

87-25 

16 i 

69.95 

Mean 

Nitrate 

Water 

4 

4 , 

43-5 

16.25 

66.25 

37.00 

87,0 

72.5 

85-75 

80.5 

16 

16 

69.97 

51.60 

Mean 

■ 8'-' 

29.87 1 

"5.1.62, ! 

79.75 

83.12 

32 

60.78 


’**Minimuin differences required for significance are: Between means of 2 observations 14.50%; 
4 observations 6.60%; 8 observations 3.88%; 16 observations 2,52%; 32 observations 1.71%. 
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Table 6 .—A 7 ialysis of variance of germination data in Table s. 


Source of variation 

Degrees 
of freedom 

Mean square* 

Total 

31 

788.93 ■ 


Temperature 

I 

2,701.12 

Between KNO, and HaO 

I 

2,701.12 

Between treatments 

3 

4^93^87 

Temperature XKNO^. . . . 

I 

6.14 

Temperature X treatment 

3 

840,37 

KN 0 , X treatment 

3 

309-37 

Temperature X K N O tX treatment 

3 

,208.20 

Remainder (error) 

■ t6 I 

X 1 .37- ■ ■ ■ 


'i'All valties-., except temijerature X KNO3, are highly significant with reference to error. 


WATER ABSORPTION 

The seeds remaining sound at the end of the test period were firmer 
than sound seed remaining in tests of fescue. The sound seeds were 
more comparable to the few dormant seeds sometimes obvSetved in 
fresh Lolium niMltiflonmi irom the West. The question arose as to 
whether the non-germinating seeds of Daiithonia were really im- 
permeable to water. Was the resistance to germination due to lack of 
water absorption ? 

A small experiment was set up to determine the amount of water, 
if any, absorbed by non-treated seed and by acid-treated seed of 
Danthonia. Because the glumes were removed by the acid treatment, 
in order to make the tests comparable, the glumes were removed from 
the untreated lots by a slight pressure with the finger at the base of 
the caryopsis. After weighing, the seed was immersed in water for 
24- and 48-hour periods when weights were again determined. The 
results are given in Table 7. 


Table 7. — Deiermmation by weight of the amount of water absorbed by the seed 
and glumes of Danthonia spicata. 


Baniple 

'No. 

Material 
soaked in 
water 

Acid pre- 
treatment 
of seed, 
minutes 

1 Percentage of water taken up in 

10 minutes 

24 hour, s 

48 ] lours 


Seed. 

:N'one: .'j 


30.55 

35.9 X 

r ' ' ' j 

Glumes ■ : 

None 

— — 

53-»6 

57-87 

2 '' ■ 

Seed 

, None ■ 

3.11 

2848 

35-55 

1 

Glumes 

None 

; 45-04. i 

■ '42.54': ■ 

42.54. 


, Seed:', 

X5- ^ 


33-99 

37-63 

2 ' 

''.Seed - 

30 


37-4.5 


. ■ V ' .2- : ^ ■ 1 

V.Seed,: 

, 45 ■ ■■ 



34.93 ' 

■V- 37-20 


The difference in the amount of water absorbed by the treated and 
untreated seed is slight, although the rate of absorption was some- 
what slower in the untreated seed. It would seem probable that the 
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poor germination without acid or prechilling treatment is due to re- 
strictions of gas exchange instead of, or in addition to, slower water 
absorption. 

DISCUSSION 

The poor germination of untreated seed of Danthonia spicata 
would seem to be due to coat restrictions rather than to embryo 
dormancy, since acid treatment of the seed allowed rather prompt and 
maximum germination. It is probable that the coats restrict gas ex- 
change, because water absorption was considerable, although slow, 
with the untreated seeds. The most striking results from the study of 
the germination requirements of this seed are that, even after acid 
treatment or prechilling, temperature of germination, possibly light, 
and previous history of the sample are important factors. There is a 
high interaction, in many cases, between these factors as shown by the 
different response of the two samples to nitrate, to germination 
temperature, and to length of acid treatment, and by the different 
effect of nitrate depending on germination temperature and length 
of acid treatment or time of prechilling. 

In some instances the effect of certain factors was more pronounced 
after 119 days germination than after 28 days, while in other instances 
differences that were evident at 28 days were much less so or had dis- 
appeared by 1 19 days. 

SUMMARY 

This experiment was planned to find out the conditions necessary 
for the maximum germination of the seed of poverty grass, Dan- 
thonia spicata. Two samples of seed collected in the Shenandoah 
National Forest were used in this study. Tests were run in duplicates 
of 100 seeds each. 

Preliminary experiments with various constant and alternating 
temperatures revealed that more was involved than the factor of the 
germination temperature. 

The alternating temperature of room temperature to 3 5 ° C afforded 
a better condition for germination than to® to 25®. 

Germination was stimulated by a dilute solution of potassium 
nitrate. 

Prechilling at 3® C for 63 days before placing to germinate at room 
temperature to 35® or 10° to 25® brought about maximum germina- 
tion where potassium nitrate was used. Less time of prechilling with 
potassium nitrate or prechilling with water gave erratic results. Pre- 
chilling at 10® was not as good as prechilling at 3®. 

Pretreating the seed with 71% sulfuric acid for 30 to 45 minutes 
was equally as effective as prechilling at 3® G for 63 days and brought 
about the final results in a shorter time. Pretreating for 15 minutes 
was not long enough in some instances. Prechilling the seed at 10® in 
addition to the acid treatment was of no benefit. 

Pretreating the seed with concentrated sulfuric acid for i, 3, and $ 
minutes produced injury. Apparently there is a very narrow range 
for treatment with concentrated sulfuric acid. 
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Double treatments with 71% sulfuric acid for 15 and 15, 15 and 
30, 30 and 15, 30 and 30, 45 and 15, and 45 and 30 minutes caused 
excessive injury to the seeds and was less effective than the very short 
treattnents with concentrated sulfuric acid. 

The sample held in the laboratory for 4 months was more resistant 
to treatments than the sample recently received from bulk storage. 

The seedcoal is not impermeable to water as are the coats of seeds 
designated as “hard” seeds. 

Nontreated seed absorbed water at a slower rate than seeds that 
had been treated for 15, 30, and 45 minutes with 71% sulfuric acid. 

"Fhe seedcoat of Danthonia spicata is apparently the inhibiting 
factor in delaying germination, Imt it seems probable that this is due 
to restriction of gas exchange since restriction of water absorption is 
small, 
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THE EFFECT OF CALCIUM ARSENATE UPON THE YIELD 
OF COTTON ON DIFFERENT SOIL TYPES! 

Clarence Dorman and Russell Coleman^ 

I N recent years the demand for insect control has made it necessary 
to apply relatively large amounts of arsenates to certain crops. 
This is particularly true in the South where dusting cotton, with cal- 
cium arsenate for boll weevil control has become an important prac- 
tice. Most of the applied arsenic reaches the soil, and some recent 
investigations have indicated that accumulated arsenic greatly re- 
duces the productivity of certain soils. 

In South Carolma, Cooper, et al found that eoarse-textured 
soils, such as Norfolk and Durham, were seriously ahected. Applica- 
tions of only 50 pounds of calcium arsenate per acre greatly reduced 
the yield, of cotton on Durham, coarse sandy loam. The fine-textured, 
dark-colored soils, such as Greenville, Cecil, and Davidson, were not 
seriously affected by arsenate applications commonly used to com- 
bat boll weevil. In Louisiana, Reed and Sturgis (8) found no detri- 
mental effect upon cotton production but obtained a toxic effect upon 
rice following cotton dusted with calcium arsenate. The toxicity was 
greater in Crawley very fine sandy loam than in Crawdey silty cla^'" 
loam. Craft (4), investigating the use of trivalent arsenic for soil 
sterilization, found soil toxicity greatest in Fresno, a sandy loam, and 
least in Yolo, a clay loam. 

As commonly practiced in the cotton-growing area, there is no 
regularitjr in the application of calcium arsenate, either in quantity 
applied or frequency of applications. The quantity applied per acre 
at each application may vary from 3 to 10 pounds, depending upon 
the size of the cotton, and the number of applications in a given 
season may vary from one to six. 

However, the quantity of calcium arsenate which finds its way into 
the soil is not as great as might be expected. It probably will not ex- 
ceed 30 pounds per acre annually over a period of years, even on well- 
managed farms in areas of intense cotton production. 

The increasing use of arsenical compounds for insect control, the 
possibility of conditions necessitating larger applications, and the 
likelihood of an accumulative effect from calcium arsenate seem to 
require more exact knowledge. It is the purpose of this paper to show 
the effect of calcium arsenate treatments upon the cotton yields from 
several important soil types. 

EXPERIMENTAL ‘ 

SOILS 

Used in this study were three upland soils, Memphis silt loam at Holly Springs, 
Mississippi, Houston clay loam at West Point, Mississippi, and Ruston sandy 

^Contribution from the Agronomy Department; Agricultiiral 

Experiment Station, State College, Miss,, and from the Division of Cotton .Insect 
Investigations, Bureau of Entomology and Plant Quarantine, U. S. Dept, of 
Agriculture, Mississippi Agricultural Experiment Station, Paper No. 13, New 
Series, March 23, 1939. Received for publication September ii, 1939. 

^Director and Agronomist and Assistant in Soils, respectively. 

^Figures in parenthesis refer to 'literature Cited”, p. 970. 
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loam at Poplarville/ Mississippi, and two delta soils, Sarpy silty elay loam at 
Tallulah, Louisiana, and Sarpy fme sandy loam at Stoneville, Mississipiji. 

Memphis silt loam is a well-drained prodnetive soil developed from loess. The 
areas lie adjacent to but abo\^e the bottomhinds on both sifles of (he Mississi])pi 
River southward, frcan the vicinity of St. Louis almost to tlie Gutf of iMexico. 

Houston clay loam is a well-drained soil of tlie Blackland Prairies occurring 
chietb’ in Texas, Mississippi, and Alabama. The surface soil is black or nearly 
bla,cli cla>' l(.>am; the su1;)soil is generally grayish-yellow or yellow clay; the sub- 
strattun f'orisisls of marl or chalk, 

.Ruston sandy loam is a well-drained soil of tl!C‘ Adanlif and Gulf Coastal 
.I^laim '.rhe surf.acesoil is grayish-brown sandy loam; the subi^oil is n,;d dish -brown 
friable sandy clay, witli substraturn of rmconsolit'lated Coastal Plain materials. 
It is (me of the inost widely distributed soils of tin' Cfvuaal Plain Region. Tlie ma- 
terials are gmierally medium or strongly acid thrnugifom. 

'the soils called Saiyiy silty cla}^ loam and Sarp>- fme sandy loarn occur in the 
lirst. tiottoms of tlie klississippi River. They are generally fertile soils corn|;iosed 
of recent alluvium mid are among the best cotton soils in the Mis‘.dsaip])i Delta 
Region. 

TREATMENTS 

Field plats, i /'40 acre in sixe with three repliL'ations, vvere ircaltol witli tlie 
following amounts of calcium arsenate in 1935: o, 50, too, 200, 400, 800 and, 1,600 
liounds per acre. All soil t34.ies received the same treatment except Sarpj" silty 
clay loam. The test on this soil contained only two plats, 1/7 acre in size, one plat 
receiving 40a pounds of calcium arsenate in 1934 and every year thereafter for 
5 years, making a total of 2,000 pounds, the other receiving no arsenate. 

Calcium arsenate was broadcast on the treated plats and disced into the soil 
to a depth of 4 or 5 inches. Applications were made in the spring before cotton 
was planted. 

Four liundred pounds of 4~8™4 were applied to all plats every year atpilanting 
time. 

RESULTvS AND DISCUSSION 

The data in Tables i and, 2 show the effect of calcium: arsenate 
treatments upon the yield of cotton on the five soil types studies. It 
was planned to obtain at least four years’ results wi all soil types, but 


Tabliv r. — Averagi^ yidd of cotton an several sail types treated mth ealdnm 

arsenate. 


Pounds of calcium ar. senate 
per acre 

Houston 
ela}^ loam, 
3"-year 
average 

Memphis 
silt loam, 

"■'■ I -year 
average . 

Sai'i 

{'me sandy 
loam, 

■ I -year : ' 
average 

8nr].)y 
silty clay 
loam, 

5- year 
average 

.■ 0, c.: 

991 

:7S-8i..:: 

' 1,724 4, 

1,794 

■■■ 450...,....,. ....A. 

1.065 

' ■ ■ ■:;: 

:'i.6og 

■— “ — ' 

100. . . . .. . . , : . . 

1,030 

a' ' 850 , , :| 

■V t:',656 ■ . 


?20oc. ... .. . 


.AS3i ■ ' : 

:: :i:, 568.4.: 


: :;''4t)o. . V, . , . . i , 

' ^ .025 

■A. 794' : 

1,809. ■.■^:v' 


800 

.■■■.■1,013 .1 

799 

■ A. ■b83B:v:- ;:.: 


1,600 

■■■■ ;: I:, 036^ ■ A 

'783:4, 

1 ,692 


2,otK) (400 lbs. every vear) ...... 
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cotton was only grown one year on Memphis silt loam and Sarpy iine 
sandy loam and three years on Houston clay loam. All results obtained 
are presented in Tables 1 and 2 . 


Table 2,— Yield of cotton on Ruston sandy loam treated with calcium arsenate 

in 1035 . 


Pounds of calcium 
arsenate per aci*e 

Yield of seed cotton in pounds per acre 

1935 

1936 

1937 

1938 

4‘-year 

average 

0. 

708 

1.145 

1. 314 

1,120 

1 ,072 

50.... 

882 

1,275 

1,490 

1,164 

1,203 

100 

868 

1,446 

1,630 

1,340 

1,321 

200. j 

570 , 

1,262 

1,608 

1 , 1 70 

1.152 

400. 

490 ! 

912 

822 

1,220 

861 

800. 

584 

758 ! 

655 

932 

732 

1.600. ..... . . . . 

240 

0 

206 

566 

253 


On the Houston clay loam no harmful effect was obtained, either in 
plant growth or yield of cotton, even when as much as 1,600 pounds 
of calcium arsenate were applied to the vSoil. The yield was 1,036 
pounds per acre which is slightly more than the yield of 991 pounds 
given by the untreated plats. Most arsenate-treated plats outyielded 
the untreated plats, but it is doubtful if these increases are significant. 

The results on Memphis silt loam are very similar to those obtained 
on Houston clay loam. All plats treated with calcium arsenate yielded 
just as much as the one receiving no calcium arsenate. 

Five years’ results on Sarpy silty clay loam show that a treatment 
of 400 pounds of calcium arsenate ever^^ year did not affect the yield 
of cotton. The plat which received 2,000 pounds of calcium arsenate 
over a period of five years yielded 1,778 pounds and the untreated 
plat 1,794 pounds of seed cotton per acre. Oats planted on both plats 
after five years treatment showed no injury from the calcium arsenate. 
The calcium arsenate treatments used on this soil were much greater 
than the average yearly treatment which did not exceed 30 pounds 
per acre in the Mississippi Delta. 

Although the cotton yields from the Sarpy fine sandy loam were 
inconsistent, they indicate that xio injurious effect wms obtained from 
the heavy calcium arsenate treatments which gave as much seed 
cotton per acre as the untreated plat. 

The cotton results on Ruston sandy loam (Table 2) show a definite 
increased yield every year from the lighter applications. In 1935, 
immediately after the arsenate was applied, only the 50- and 100- 
pound plats gave an increase over the untreated plat, and applications 
heavier than the 100 pounds reduced the cotton yield. In 1936, how- 
ever, the 200-pound plot, as well as the 50- and loo-pound plats, 
gave a marked increase over the untreated plat. In 1938, four years 
after the arsenate was applied, the 400-pound treatment also gave a 
significant increase over the untreated plat and even the 800- and 
1,600-pound treatments had lost much of their toxicity. 
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These data show that the toxicity of calcium arsenate was reduced 
with time. Only four years were required for the toxic influence of 
400 pounds of calcium arsentate to be lost. It is doubtful if as much 
as 200 pounds of calcium arsenate is ever applied within four years, 
and these results indicate that even this quantity would not cause a 
decrease in cotton yields. The four years’ average show that the 50--, 
ICO-, and 2oO“pound treatments yielded 13 1, 245, and So pounds per 
acre, respectively, more than no treatment. The heavier applications 
grejitly decreased the cotton yields. The plats treated with :i:,6oo 
pounds of calcium arsenate averaged only 253 pounds, a decrease of 
819 pounds of seed, cotton per acre due to the arsenate. 

The results suggest that no effect, either beneficial or deterimental, 
may be expee1:c/(l from calcium ai'senate applications to cotton grown 
on Houston c.:la.y loam, Memphis silt loam, Sarpy silty clay loam, or 
Sarpy fine sandy loam. However, on Ruston sandy loam there is a 
beneficial effect upon the yield of cotton from light applications and a 
detrimental effect from heavy applications of calcium arsenate. 

In onh:r to investigate the cause of variations in cotton response on 
rliffereni soils, the pH value and the percentage of CaO, Fc'iOs, and 
wcrc^ determined in each soil. The percentage of clay was also 
determined by the Boyoucos method (i). These data are shown in 
Table 3. Ruston sandy loam, the soil which was affected by the hSavy 
arsemale treatments, was much more acid than the other soils. This 
agrees with results obtained by Cooper, et a! (2) who found that high 
acidity seems to increase the toxic effect of heavy applications of 
calcium arsenate. Of course, the total CaG and content is not 

indicative of the activity of these elements in fixing arsenic, but it is 
interesting to note that the percentage of CaO and PeaO;} was much 
higher in the more tolerant soils, which agrees with the report of 
Greaveses) that calcium may render arsenic somewhat insoluble, and 
with the findings of Cooper, et al (2) that lime and iron helped 
counteract the harmful effect of arsenic. 


'Pahi.!-: ^---Important cmistituenls of the soils* 


Soil typ<‘ 

pH 

CaO,. 

% 

F«sO,,, 

, % 

■■■ Clav, ■■ ■ 

of 

, ^ 0 - \ 

1 lotistoiiclav loam 

d.a 

r.53 

4.22 

j 8 .<» 

Nftrnph is sill loam 

' 

■ ... 

■ 2 .. 6 j 

" ; 

RitslOTi satidy loam . , . , 

5.0 

I ».20 

- *‘35 ' 

8.4 

Saq>v iinesandv loam 

6,2 

l.OO 

.■ 2.62 . 

^ 25.8 ys- 

vSarp\' siltv «‘lrxv loam 1 

A 3 ^ 

1.24 ' .' I 


. 24.0 , . 


*pH afa<‘nniTU't1 hy putMilinmetcr mfahnd; Ca(’) and Fe.O.vdfit erminf»t3 by A. O. A. C. 


The quantity of clay present suggests further reastjii for arsenic 
fixation. Houston clay loam, an unaffected soil, contained 48%, 
colloidal material, whereas Ruston sandy loam, the soil most injured 
by calcium arsenate, contained only 8.4%, which indicates that the 
colloidal material is largely responsible for arsenic fixation. High pH 
and high colloidal content, which carries a high percentage of Fe^Oa* 
seem necessary to make a large quantity of arsenic sufficiently in- 
soluble to render it non-toxic to crops. 
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The beneficial effect of applications of 50 and 100 pounds of cab 
cium arsenate on Ruston sandy loam was surprising. Other determi- 
nations have shown that this soil contains only 6 p.p.m. of available 
]3hosphorus by the Truog method (9) as well as low total P2O5 con- 
tent. Unpublished results have shown that cotton tests conducted on 
adjoining plats have given a good response to both phosphorus and 
lime. Therefore, it is believed that the stimulated yield is due to three 
causes: First, the calcium applied as calcium arsenate counteracts the 
acidity and acts as a nutrient. Second, the arsenic either liberates or 
partially substitutes for the unavailable phosphorus in the soil. 
Tliird, the light application of calcium arsenate stiraulates the bac- 
terial activities of the soil. These deductions agree with Greaves’ re- 
ports (6, 7) that arsenic can in some manner liberate phovsphorus 
from its insoluble compounds, and that arsenic stimulates bacterial 
action, thereby increasing crop yields. 

SUMMARY 

The effect of different calcium arsenate treatments upon five im- 
portant soils was determined by measuring the yields of cotton from 
these soils. The yields on four of the soils, Houston clay loam, Mem- 
phis silt loam, Sarpy silty clay loam, and Sarpy fine sandy loam, 
were unaffected even from an application of 1,600 pounds of calcium 
arsenate per acre. However, the yield of cotton on Ruston sandy 
loam was greatly affected. H beneficial effect was obtained from the 
light applications and a detrimental effect from the heavy applica- 
tions of calcium arsenate. However, the arsenic toxicity was reduced 
with time. The beneficial effect was attributed to three causes, name- 
ly, the applied calcium acting as a nutrient, the arsenic liberating in- 
soluble phosphorus, and the calcium arsenate stimulating bacterial 
action. 

The ability of the unaffected soils to render arsenic insoluble was 
probably due to their high pH and high colloidal content. 

The soils used in this study are representative of many in the cotton 
belt, and the results obtained from them, indicate that on these soils 
there is very little danger of reducing cotton yields with calcium 
arsenate. Since the average yearly application to cotton is hardly 
ever more than 30 pounds per acre and since much of it is lost evexy 
year, accumulation in the soils studied will probably never be great 
enough to inhibit cotton production. 
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SOME EFFECTS OF CONTOUR LISTING ON NATIVE 
GRASS PASTURES^ 

B. C. Langley AND C". E. FivSHEr^ 

R ecent trends in range improvement have been toward in- 
. creasing the cover of palatable forage plants through the utiliza- 
tion of a larger portion of the rainfall. Within large areas of the semi- 
arid west it appears desirable to retain all of the rainfall, since range 
plants, especially the grasses, have the ability to use large amounts 
of water in the production of forage. 

Most of the soils of the region are relatively deep and porous and 
|)rovide ample storage space within the root zone for a large portion 
of the rainfall. On grassland with sparse vegetative cover, however, it 
is often expedient to use some kind of obstruction to check the move- 
ment of water, vsince the length of time that water is held on the land, 
as well as the infiltration rate of the soil type, determines to a large 
extent the amount that penetrates into the soil. Thus, the chief aim 
of mcichanical structures is to retard the flow and give equal distribu- 
tion of water over an entire area. 

vStudies were initiated at the vSpur Substation in 1932 to obtain 
information on the effectiveness of contour listing of grassland in 
increasing vegetative cover and yield of forage. The increased pro- 
duction of grass resulting from this treatment was so striking that 
additional areas were listed in 1934 and in later years. The data on 
yields, basal cover, and moisture penetration from these studies ai*e 
reported in this paper. 

EXPERIMENTAL AREA 

The native vegetation on the experimeiital area is characteristic of the short- 
grass (Buchloe-Boutelotia) pastures of the region. Before listing treatments were 
begun, it consisted largely of open mat type of buffalo grass {Buchloe dactyloides) , 
with small amounts of blue grama (Bouteloua gracilis) y purple three awn {Aristida 
purpurea and A . Roemeriana)^ and traces of many other gravSS species. Some of the 
more im]>ortimt weeds occurring on the area were broomweed (Gufierrezia 
dracunf 4 doides)\ Indinn wheat (Flantago Purshii and bitter weed 

(Actinea odorata), and peppergram {Lepidium densiflorum). Small amounts of 
cacti and Yitcca speeie.s were also present. The area supported in addition a rather 
heavy growth of mesquite brush (Prosopis chilensis) and a few plants of lote bush 
{Condalia ohtusijolia). These shrubs were removed by grubbing as they were 
competing with desirable x^asture plants. ^ 

The soil on which these studies were made is Miles clay barn, with a slope; of 
Some sheet erosion has occurred on the steeper slox,>esand small gravel are 
|)resent at the surface; however, there is no evidence of gully formation. Locally 

^Contribution from the Texas Agricultural Exxjeriment Station, Sx>ur, 'Texas, in 
cooijeration with the vSoil Conservation Service, U. S. Dept, of Agricult tire. 
Received for* xmblication Sex^tember 15, 1939. 

^Agronomist and Assistant Soil Conservationist, respectively. Tlie writers 
gratefully acknowledge the suggestions and assistance of Mr. R. E. Dickson, 
Superintendent of Texas Substation No. 7, in outlining and conducting the work 
and in preparing the manuscript. 
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this soil is referred to as “tight” or “droughty” and is not; well adapted to the 
production of cultivated crops. 

PROCEDURE 

Plats of approximately i acre were solid listed <:)ii contours to a depth of 3 
inche.s {luring the spring of 1932^ 1934, ^‘^d 1938. Comiiarable adjoining 

|:)lats were given no treatment. A two-row tractor lister with bottoms set 39 incdies 
ai^art was itscd in the listing oijeration. 

In order to protect representative samples of the vegetation from gniKing; 
animals, five screens, the framework of which were constructed of adneh by 4- 
inch lumber and covered with 2 “inch wire netting, were loj’aterl on eacli plat. 
fPlie screens covered an area of 4 feet by 6 feet and were ]d;n;ed 12 inidnes above t he 
ground levcL 

Harvests for yielrf conip{iris<:>iiH on the areas thus protected, were ina<ie when 
tfic gi’ass reachcHl maturity' or when |)la,ntf4 became dormant because of {irougbl. 

1\vo or tliree hiirvests were natde yeaiiy, the number fle|:iending largely on 
tative growth as inliuenced by the amount and distribution of rainfall, Tlie vege- 
tation Wtis cHpj;)ed to simulate* c‘lose grazing, and green and air-dry weights of 
grass Jtnd weeds otjUdried. New sites for obtaining yiehl data on the jdats were 
selected each year to avoid, cumulative effects of protection from grazing. 

Soil moisture samples were taken monthly during the growing season at eac-b 
protecting screen to determine the effect of listing on the amount of available 
moisture and depth of penetration. Samples were taken at i -foot levels to a depth 
of 6 feet with a i-inch diameter soil lube, and djried to constant weight in an oven 
at 110” C, 

Measurements of basal cjover were made on meter quadrats on each plat during c 

the growing seasoii. The pantograjffi-chart method was used sinc'e it is well | 

adapted for use in a study of the short grasses and open sod type of the other i 

grasses (4).^ The percentage of basal cover and percentage of total cover occupied 
by each species were <letermined from the charts by means of a ]>hinimeter. 

In making determinations of root volume ami weight., a column of soil 15 inches 
sipiare and 66 inches dee]) was rcraove<l in 6-in{'h layers, aufl tin? roots (Carefully 
reinovcfi from tlie b)o(‘ks by washing the mass over a fine screen with a spray of 
water, after the method dest'rilred by Weaver and Harmon (5). The determi- 
nations of volume were made while the roots were writer soaked, but excess 
w'at.er was removed from the root. surfafTs with blotters. 

h:X PER 1 MENTA L KiiSU LTS 
YIELD nF NATIVE VEGETATION 

Hit' rapidity with which becomes re-est,abiishe<l after listing 
depends largely upon the abundance^ of those species which have*, thc^ 
ability to rej.>rcKince vegeiatively. Buffalo grass, undcT* only moder- 
a.tely fa\u:)rai>le (Tinditions, rapidly increases vegetatively by means 
of stoloUvS. The upper |)art of Fig. i shows a plat of buffalo grass just | 

after it was listed in 1936. The berm left on each side of the furrows | 

provides sufficient grass to vegetate completely the furrows and ridges | 

in a favorable season. The lower part of Fig. i shows the same plat in | 

1937 at the end of the second growing season after listing. | 

^Figures in xxirenthesi.s refer to “Literature Cited”, p, 981, | 
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Yields from listed and unlisted plats are presented in Table i. No 
yields are reported from the 1932 listing for the reason that difiEer- 
dices in soil type preclude a comparison of the 1932 yields with those 
obtained from treatments made in other years. During the period of 
r.935 to 1938 an average yield of 630 pounds of air-dry grass per acre 


Fig. I. — Upper j plat of native pasture following listing in 1936, Lower, same 
plat at the end of the growing season in 1937, 

was made by the unlisted areas as compared with 1,812 pounds from 
the area listed in 1934. Comparable averages for shorter periods, in- 
cluding results from listing treatments made in later years, show that 
grass production was increased 2.3 to 3.9 times by listing. The highest 
annual yield from any one treatment, 2,424 pounds of grass per acre, 
was obtained in 1935 from the 1934 listing. 

Yields from the plats the first year following spring listing have 
been consistently greater than from those not listed. The amount of 
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grass cover destroyed during the early part of the season, as evidenced 
in Fig. I, was compensated for by increased vigor, greater height, and 
|}roloiiged growing season of the vegetation. In the early years of the 
study the increase from listing was attributed largely to the conserv- 
ing of the rainfall (3), Ymt numerous field observations made through 
the years indicate that some of the increase may have been caused 
by the cultivation or loosening of the soil. Studies which have as their 
objective the isolation of some of the factors involved in this phase 
of the problem are now under way. 

In 193 s and 1936 weeds occurred only in trace amounts and no 
distinction was made between grass and weeds in reporting yields for 
these years. Increased weed growth in 1937 and 1938, however, justi- 
fied weighing and reporting grass and weeds separately. Data in 
Table i show that growth of weeds, mostly annuals, may increase the 
first year after listing, but these usually disappear as the furrows and 
ridges become vegetated with grasses. After a period of yems weeds 
liave practically disappeared on listed areas. 


t .-—Acre yields in pounds of air-dry grass and weeds from contour listed 

a ful Ufiiisted grassland, 


Treatment 

t935. 

grass 

1936. 

grass 

.■ m 7 r 

Grass ^ . 

Weeds 

Unlist efl 

Listed 1934. ......... 

Listed 1936. ......... 

Listed 1938. 

858 

2,424 

592 

2,315 

0326 

259 

1,133 

2,,I'59 

30 

. ■■76 

4 8s 


J938 ■ 

I935"3«. 

av,. ■ 
grass 

1936-38, 

av. 

gmss 

i937--3« 

Grass 

Weeds 

,Gims 

Weeds 

Unlisted. ........... 

lasted 1934. 

Listed 1936. ........ 

Listed 1,938.' 

'810 

L376 

0975 

I., 178 

403 ■ 
107 
231 
4(U 

630 

1.812 

554 

i,6oB 

1,819 

534' ■ ' 

1,254 . 

2,q66 

ai'6 

92 

208 


SOIL MOISTURE. C 0 NTB:NT- 

In order to minimize the effect of any existing variation in soil type, 
the moisture data are expressed in inches of available water rather 
than as a percentage relationship of total water to dry soil. According- 
ly, moisture samples %vere taken during the growing season when it 
was evident that the water available to plants had been consiinied 
and the vegetation wa.^ dormant. The average moisture under these 
conditions is the amount not available to plants. This degree of mois- 
ture depletion has been termed the ''minimum point of exhaustion/' 
(2). The so-called available water is obtained by deducting the, mini- 
mum point of exhaustion from the total moisture. 

The value of listing as a "water conserving practice is revealed in the 
increase of available moisture and depth of penetration (Table 2). 
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The average available moisture in 1937 and 1938 to a depth of 6 feet 
was 1,32 inch on the unlisted areas. Of this amount, 76.52% was 
present in the upper 2 feet, while only 23.48% was stored in the lower 
4 feet. On grassland that was listed in 1934, 3.12 inches of available 
water was stored in the soil. The upper 2 feet contained 50.64% of 
the moisture and the lower 4 feet contained 49.36%. A similar in- 
crease in the supply of available moisture and in penetration was 
obtained on land listed in 1936. 


Table 2.—Anmial and average quantities of available water hi the surface 6 feet 
of the soil durhig the growing season and percentage distribution at different 
depths, 1937-3S. 


Depth 
of sam- 

Average araoiint of available water 
in the .soil during the growing 
! season, inchevS 

Percentage of average available 
moisture 

pling, 




Each 

foot 

Upper 

2 feet 

Lower 

4. feet 

feet 

1937 

1938 

Average 


Unlistecl 


i 

0,86 1 

^>.59 

0.72 ' 

54.55 

76.52 

23.4B 

2 

tL39 

D.19 

0.29 

21.97 



— 

3 

0.04 

0.08 

0.06 

4*54 



. — _ . 

4 

0.00 

0.03 

0.02 

1.52 



• 

5 

0.12 

0.19 

0.16 

12.12 

— — 


6 

0.00 

0.14 

0.07 

.5-30 

— ' 

— 

Total i 

1,41 

1.22 

1*32 





Listed, 1934 


I 

I -17 

0.77 

0.97 

31-09 i 

50.64 

49-36 

'2 

0.78 

044 

0.61 

19-55 1 

, ■ 


\3' ■ ■! 

0.62 

042 

0.52 

16.67 ^ 

^ 

: — 

i 

0-53 

0.26 

0.40 

12.82 

. ' . 

: ■ 

■5. "1 

0.56 

046 

0.36 

11.54 

■ 

■■ ■ ■ 

■6; ^ 

0.41 

0.11 

0,26 

8-33 

, 


Total 

4.<>7 

',’■■2.16' 

3*12 





Listed, 1936 


I 

147 

0.69 

0.93 

27.27 ' 

46.63 

53.37 

2 

■ 1 

.,0.50 ' 

0.66 

19-35 



3 

0.78 1 

0.54 

oM 

19-35 




' 4 ' ■■! 

0.68 

t).37 

0.52 

15-25 

; . , 


■:'.5 'I 

0.39 

0.17 

0.28 

8.21 


— ' 

■ .6';' 

0-56 : 

045 

0.36 

10.56 



Total 

4*39 1 

■2.42 ' 

3-41 





Listed, J938 


I 

— 

0.75 , 

— 

3249 

'■ 6 I:- 37 '' ! 

38*63:44 

■ ■ 2 ' 

_ — . ,,, 

0.63 



2948 


3 

— 

«-37 , 


15-88 



4 

:■ 

0.32 


43-73 





0.21 , 


^’■.■,-.: 9 - 0 L: ■ ■ 




'v- , 

0.00 1 


■ 0.00' ; 


77 ■ 

Total 
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On numerous occasions following heavy rain periods noticeablj^ 
increased moisture penetration occurred on the listed pasture areas. 
Determinations made Irjefore and soon after a heavy rain period in 
1936 showed that the average moisture penetration was to a depth of 
72 iiiGhes on the li>sted plats as compared to 30 inches on the unlisted, 
and the amount of available moisture stored was 6.67 and 2. 1:0 inches, 
respectively. 

Measurements made at the end of the 1938 growing season show 
that the following amounts of rain falling on each listed area would be 
retained in the furrowcs without allowing for any penetration : x93 2 
listing, o.So inch; 1934 listing, 0.84 inch; 1936 listing, 0.95 inch; 1938 
listing, 3 .03 inch. Although the furrows form only a small reservoir, 
the combined effect of a high infiltration rate and the furrows’ serving 
as a catchment liasin is to increase materially the opportunity for the 
penetration of large amounts of water. It is evident that with the 
passing of time the retentive capacity of the furrows is somewhat re- 
duced by slcnvly fillmg in with soil ^ 

BASAL COVER A NIL COMPOSITION OF COVER 

A distinct change occurred, in the Ixasal cover and composition of 
native vegetation following listings made in 1932 and 1934. To obtain 
definite information regarding those changes, 5-meter quadrats were 
located at representative points on each plat and charted in 1937 
and 1938. The basal cover represents that portion of the soil surface 
covered by living plants. Where plant parts were less than i cm 
distant, the area was considered as being fully covered. 

The most outstanding change in cover was the increase in buffalo 
grass following listing treatments. The average basal cover of this 
grass in 1937 and 1938 was 14.02% on unlisted grassland and 64.96% 
on grassland listed in 1934 (Table 3). Similar increases in cover of 
buffalo grass were obtained from the treatments made in 1936 and 
1938. It is also of interest that only 44.96% of the total cover of the 
vegetation on the unlisted grassland was buffalo grass, as compared 
to 87.04% on the area listed in 1934, 82.07%, on the area listed in 
1936, and 85.23% on that listed in 1938. 

Listing has brought about only minor changes in the basal cover 
of the other grasses. Little barley (Hordemfi ptmlhmi) appears to in- 
crease the first year following listm^^ but is gradually replaced by 
perennial grasses. The cover of purple three awn, which has a low 
palatability to most classes of livestock, seems to decjuase gradually 
over a period of years after listing. Grassland that was listed in 1932 
and 1934 shoWvS a reduction in cover of purple three awn, while the 
cover of this species on grassland listed in :i 936 has remained prac- 
tically the same. In all cases, however, the percentage of cover pro- 
vided by purple three awn in comparison to the total vegetative 
cover has been reduced by listing. 

The basal cover of all weed species, especially that of Indian wheat, 
peppergrass, and bitterweed, has been appreciably reduced by listing. 
The marked reduction of bitterweed is of particular importance to 
stockmen, since this plant is poisonous to sheep. Dameron and Cory 
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(i) also have found that the cover of bitterweed is reduced as the 
cover of turf grasses increases. 

UNDERGROUND PLANT MATERIALS 

Determinations of root volume and weight were made at two loca- 
tions selected at random on an unlisted area and on the area listed 
in 1934. Roots are reported by weight on oven-dry basis and by vol- 
ume in cubic centimeters of water displaced (Table 4). The root 
vsystem was 63.63% greater in volume and 78.91% greater in dry 
weight from the listed than from the unlisted plat. Likewise, the 
maximum penetration of roots was to a depth of 66 inches and 44 
inches on the two plats, respectively. 


Table 4. .— Volume and weight of underground plant materials from contour 
listed and unlisted grassland^ 


pe|)th, 

iriehes 

Water displaced, cc 

Oven “dry material, grams 

Listed* 

Unlisted 

Listed* 

Unlisted 

i~6. 

464 

259 

95.14 

45.14 

8“I4. 

60 

56 

11.33 

to.49 

i(y"22 

1 27 

25 

7.19 

7.03 

24-30 . 

15 

13 

3.B7 

3.78 

34-40 

12 

10 

1.96 

1.34 

42-48 

9 

Trace 

1.3S 

o.rr 

50-56 ; 

6 

0 

0,52 

0,0 

60-66 . . .! 

I 

' ■ T 

0.07 

0,0 

Total ' 

594 

363 

121.46 

67.89 

Increase, %. . . ..... 

63.63 

1 

78.91 



*In 1934. 


A visual representation of the amount of roots found at different 
depths is shown in Fig. 2. The slightly daiter shade of color of the 
roots from the unlisted plat is the result of the large mnnber of dead 
roots found in the mass. Since roots exist in the soil in all stages of 
decomposition, it is not to be expected that all of the underground 
materials are living; however, at every depth the unlisted land has a 
much higher proportion of dead materials than that which was listed. 
The roots from the listed plat were relatively free from dead materials 
and for the most part appeared to be in a vigorous growing condition. 


Table Amount a^id ratio of oven-dry plant materials from cantour listed 
and unlisted grassland, 1936. 


Treatment 

i Ovexr-dry materials per 

i" ' ■ - ’ - ■ ' „ 

acre, tops ' 

Ratio of 
tO|)S to 
roots 

■ ■ 'Dry grass y 

,y Roots* ■■ , ■ 

■; yTotal -' '■ ,1 

Listed in 1934 

■ I. 066 - 

■-:^'3.732:’A 

2.086 

' ■ :4-798 
2.4I3 

i:3-5o 

1 : 6.38 

Unlisted, - > . .a’." 

0.327 y,: 


*Depth, 66 inches. 
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Fig. 2 .’ — From left to right in pairs, roots of buffalo and blue grama grass that 
were removed at intervals of 6 inches to a depth of 66 inches from listed and 
unlisted areas. At extreme right, total roots and tops from listed and un- 
listed areas, roots removed to depth of 66 inches. 


The amount of plant materials and the ratio of roots to tops are 
shown in Table 5. The weight of roots from either of the treatments 
far exceed the weight of forage. The ratio of tops to roots on listed and 
unlisted plats is 1:3.50 and 1:6.38, respectively. In the case of the 
unlisted plat the ratio of tops to roots is wide, probably because of 
the larger proportion of dead roots present. 


SUMMARY 

Grassland with a cover consisting primarily of buffalo grass was 
solid listed on contours to a depth of 3 inches with the following 
results: 

1. Yields of grass were increased as much as 3.9 times, the highest 
annual yield from anyone treatment being 2,424 pounds of air-dry 
grass per acre. 

2. Increases in available soil moisture and depth of penetration 
were reflected in higher yields of grass, greater basal cover, and the 
tendency of the listed areas to remain green longer during periods of 
deficient rainfall. 

3. The most important vegetal change was the large increase in 
cover of buffalo grass, which was accompanied by a marked decrease 
in cover of weeds and area of bare soil. 

4. A greater volume and deeper penetration of roots occurred on 
listed grassland. A high percentage of roots on unlisted grassland 
appeared to be dead, while those from the listed area were in a vigor- 
ous growing condition. 
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MmMFJJL ROOT INTERACTIONS AS A POSSIBLE 
EXPLANATION FOR EFFECTS NOTED BETWEEN 
VARIOUS SPECIES OF GRASSES AND LEGUMES^ 

H, L. AhLGREN AND 0 . S. Aamodt® 

M any species of plants and more particularly those used for hay 
or pasture purposes are sown in mixtures. Dominance of any 
given species in any particular environment has usually been attribu- 
ted to differential moisture, temperature, light, and fertility require- 
ments, Investigations have shown that the development and activity 
of the roots of certain species of plants may be affected by the metab- 
olism of adjoining roots and that some species of plants may have a 
specific eilect on other species which follow in the rotation. An excel- 
lent review of the literature on this subject has been made by Loeh- 
wing.^ There is considerable difference of opinion in the literature as 
to the cause of specific interactions which have been noted. Toxic 
secretions, deficient oxygen, excessive carbon dioxide and moisture, 
harmful pH, and nitrogen starvation are among the more important 
factors listed as being involved in specific root interactions. 

It is the purpose of this preliminary report to call attention to the 
possible existence of harmful root interactions between various species 
of pasture grasses and legumes and the need for further investigations 
I'elative to the extent and importance of this phenomenon under vary- 
ing light, moisture, temperature, and fertility conditions. 

Extensive botanical studies relative to the effect of various ferti- 
lization and management treatments on the productivity and sur- 
vival of a number of species of plants used for hay and pasture pur- 
poses were begun at the University of Wisconsin in 1935. Included 
among the species studied were Kentucky bluegrass (Poa pratensis), 
timothy {Pkleum pratense), tedio^ {Agrostis alba), red clover {Tri- 
folium pratense) , clover {Trifolium hyhridum), and white clover 

(fTrifolium repens). Field observations made since the experiment was 
initiated seemed to indicate that a number of species interactions 
occurred which could not be accounted for on the basis of differential 
response to light, temperature, moisture, fertilization, and manage- 
ment. White clover and red clover were seldom found in dense, closely 
grazed quack gtos^ fAgropyron repens) sod whereas alsike clover ap- 
peared in comparative abundance. Canada bluegrass {Poa compressa ) , 
although not seeded, was found in areas which were not fertilized 
with commercial nitrogen. Canada bluegrass, redtop, timothy, and 
Kentucky bluegrass were observed to occur as definite colonies rather 
than blending uniformly throughout the sward. Redtop was elimi- 
nated early by Kentucky bluegrass. 

In August of 1938 a series of experimental pasture and meadow 
field plats were sown to compare the yield and survival of two strains 
of brome gra^s {Bromus inermis), both commercial and parkland, 

^Published by permission of the Director of the Wisconsin Agricultural Ex- 
periment Station. Received for publication September 17, 1939. 

^Assistant Professor and Professor of Agronomy, respectively. 

^Loehwing, W, F. Root interactions of plants, Bot. Rev., 3:195-239. 1937. 
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timotliy, and Kentucky bliiegrass under various soil treatments and 
management programs. One of the valuables consisted of a mixture 
of red, white, and alsike clovers sown across the grass plats which 
were replicated six times. All of the plats had perfect stands of 
grasses and legumes in the fail before growth was stopped by low 
temperatures. A mild winter followed, although there was little snow 
cover. 

After growth of the plants started in the sx)ring of 1939 it was soon 
evident that a very marked difl'erential interaction had taken place 
between the clovers and one of tlie grasses. The stands of the two 
strains of brome grass and timothy were uniformly good on all the 
plats regardless of treatment or association with legumes. The Ken- 
tucky biuegrass, however, was practically eliminated from, that por- 
tion of each plat on which the clovers were growing in association 
with the grass. The other three grasses were not in any way affected 
l;)y the legumes. There appeared to be no other probable t^xplanation 
of the striking apparent interaction between the clovers and the 
Kentucky biuegrass in this experiment. 

I n order to obtain more specific data, on these apparent interactions, 
preliminary studies were begun under controlled conditions in the 
greenhouse in an attempt to d.etermine if measurable effects could be . 
obtained between various associations of Kentucky biuegrass, Can- 
ada biuegrass, red top, and timothy. 

Seedling plants of Kentucky biuegrass, redtop, timothy, and 
Canada biuegrass were transplanted to non-sterilized soil (fl' Carring- 
ton silt loam and % sand) in greenhouse benches on October 25, 193S. 
Pure culture plats of Kentucky biuegrass, timothy, redtop, and Can- 
ada biuegrass were established. Three rows of 16 plants each with 
plants spaced 2 inches apart constituted a plat. Each plat was dupli- 
cated and separated by a 6-inch border from the adjacent plats. In 
addition to the pure cultures, combinations were used of (a) Ken-; 
tucky biuegrass and redtop, (b) timothy and redtop, and (c) Canada 
bluegi*ass and Kentucky biuegrass. The plan of procedure in the case 
of the combinations was simiiar to that used in the pure cultures ex- 
cepting that individual plants of eacdi species being stiidied were 
alternated in each row. The temperature in the greenhouse was 
maintained at 60° to 65® F during the. experiment 

The root and top growth produced by the various species growing 
in pure culture and in combinations was determined from five random 
plants of each species selected from the center nw of each duplicate 
plat. Plants at the end of the row were not used. After each harvest 
all of the remaining plants were cut back to soil level, Cuttings to 
determine the amount of foliage produced by plants growing on the 
various plat.s were made on January 30 and. on March 14, 1939. The 
roots were removed from the soil on Mai'ch 18, washed, and the 
weight on an oven-dry basis determined. 

The data obtained in the study were analyzed according to Fisher's 
analysis of variance and are giveir in Tables i and 2. The calculated 
minimum difference at the 5% point for yield of foliage was found to 
be 0.44 gram. From a study of the data it is apparent that a number 
of significant species interactions occurred. The average weight of 
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dry matter in the foliage of each plant of Canada bluegrass was 0.26 
gram when grown in combination with Kentucky bluegrass, and 0.45 
gram when grown in pure culture. The average weight of foliage per 
plant of timothy was 0.36 gram when grown in combination with 
redtop and 0.58 gram when grown in pure culture. Likewise, the aver- 
age weight of the foliage produced per plant of Kentucky bluegrass 
was 0.195 gmm when grown with redtop and 0.343 gram in pure 
culture. The yield of redtop was lower when grown in combination 
with timothy and Kentucky bluegrass, but the reduction was not 
great enough to be statistically significant. The yield of Kentucky 
bluegrass was also lower, though not significantly so, when grown 
with Canada bluegrass. 

Table i,— Average dry weight per plant of the foliage of Kentucky bluegrass, 
Canada bluegrass, redtop, and timothy grown in pure culture and in 
various coomhinations. 


Species 


Average weight 
per plant in gx'ams* 


Pure Cultures 


Redtop. ........... 

Kentucky bluegrass. 
Canada bluegrass. , . 
Timothy .......... 


Timothy and Redtop 


Timothy . 
Redtop. , 


Kentucky Bluegrass and Redtop 


Kentucky bluegrass . 
Redtop. . . .... . . , . . 


Canada Bluegrass and Kentucky Bluegrass 


Canada bluegrass. . . 
Kentucky bluegrass . 


0.369 

0.343 

0.450 

0.577 


0.360 

0.294 


0.195 

0.311 


0.260 

0.264 


*Each figure recorded represents the average weight per plant of 20 individual plants. Minimum 
difference required for significance at the 5% point ==0.44 gram. 

The average weight of roots produced per plant by each of the 
species studied is given in Table 2. The calculated difference required 
for significance at the 5% point in the case of root production was 
found to be o.ii gram per plant. The average weight of dry matter 
in the harvested roots of each plant of timothy was 0.221 gram when 
grown in combination with redtop and 0.339 gram when grown in 
pure culture. The average weight of the roots of each plant of Canada 
bluegrass was 0.137 gram wdien grown in a combination which in- 
cluded Kehtucky bluegrass and 0,287 gram when grown in pure cul- 
ture, In all other cases the roots of the plants grown in combinations 
was reduced, although differences were not great enough to be 
statistically significant. 

The data presented would appear to indicate that harmful root 
interactions may occur between various species of pastitre grasses 
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Table 2, — Average dry weight per plant of tJur roots of Kenttwky bluegrassy 
Canada bluegrass, rehop, and timothy grown in pure culture and in various 
co 7 nbinations. 


Average weight of roots 
per |jlant in grams* 


Pure Cultures 

Redtop 

Kentucky bluegrass. 

Canada bluegrass 

Timothy... 

Timothy ami Redtop 

Timothy. . j 

Redtop i 

Kentuc’ky Bluegrass and Redtop 

Kentucky bluegrass j 

Redtop I 

Canada Bluegrass and Kentucky Bluegrass 

Canada bhiegrass j 

Kentucky bluegrass. j 

♦Each figure recorded represents, the average weight per plant of the roots of ao individual 
lilants. Minimum difference required for significance at the 5% point “O.iio gram. 

and legumes. These interactions are no doubt profoundly influenced 
by environmental conditions. Their full significance will not be known 
until they have been tested under various light, fertility, and manage- 
ment conditions. There is need for intensive fundamental study rela- 
tive to the nature of these interactions and their effect on grass and 
legume species now commonly used in pasture and meadow mixtures. 


0.244 

0.199 

0.287 

U339 


0.221 

0.184 


0.151 

0.222 


0.148 

0-137 
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NOTE 

A SOIL MOISTURE TENSIOMETER WITH A COMPACT MANOMETERS 

R ecent experiments have shown that a vacuum gauge, when 
w attached to a porous cell which is filled with water and buried 
in soil, provides a convenient indication of the condition of the mois- 
ture in the soil. Such a device, of course, will operate successfully 
only over a soil moisture tension range somewhat less than i atmos- 
phere. For greenhouse pot experiments, however, there is indication 
that the moisture condition for optimum growth lies well within this 
range. * 

The compact form of manometer shown in Fig. i has been used on 
tensiometers installed in greenhouse pots to aid in determining when 
water is needed, and the amount to be applied. Making the manom- 
eter is a relatively simple glass blowing operation. The range and 
accuracy desired in the measurements will detexinine the dimensions 
of the various parts. The relation of the manometer reading x, in 
cm, to the tension in the cup water t, in cm of mercury, is indicated 
by the formulae 

(vi-fia+Va)! Po-™^^ h 2 +h 5 |-nRT (i) 

\ ' 3-5 / 

(vi+xa) (B'-t-fx) I I 3- jj-hi ~ j -ph 3 + --!h- -f ^ ^ j =nRT ( 2 ) 
\ 13*5 A/ I3.5\ 12.5 A A j 

These equations are simply the gas law expressions for the volume 
and pressure of the air in the closed arm as related to the barometric 
pressure B and the absolute temperature T. The symbols hi, h2, hs, 
and 114 represent the distances from these several points to the top 
of the air trap. The cross sectional areas of the closed and open arms 
of the manometer are, respectively, a and A and i is the length of the 
capillary section. 

During operation the air in the closed arm has a pressure less than 
that of the atmosphere. To accomplish this, the side arm c is filled 
with dry mercury and then, after filling the porous cell with water, a 
vacuum pressure Po is applied at the air trap. During this air re- 
moval process the mercury stands at the dotted levels ha and ha, and 
Vi and V2 are^ respectively, the voluities of the closed arm above and 
below the capillary. In general it is desirable that Po be of the order 
of a tenth of an atmosphere or less so that high tensions will not 
change the zero setting. The constants nR in equation (2) may be 
eliminated by use of equation (i). 

A linear scale may be attached to the clovsed arm. Alternatively it 
has been found convenient to place several colored lacquer marks on 
the cappary tubes, corresponding to severah known tensions. This 
calibration should be made from an open tube manometer attached 
to the air trap at the time of the zero setting. The effect of a change 

^Journal paper No. J-673 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Projects 308 and 504, 
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in the atmospheric pressxxre or temperature on the tension indicated 
by the closed tube manometer may be calculated from equation (2) . 
The manometers used in the pot experiments here reported were like 
the one shown in the scale 


drawing; for the use here 
described atmospheric pressure 
and temperature effects on the 
manometer reading may be 
neglected. The porous cups 
used were made by the General 
Ceramics Company, Refrac- 
tories Division, 30 Rockefeller 
Plaza,' New York, N. Y., 
cup No. K948.^ 

Thirty-eight hundred grams 
of soil were weighed into eadi 
of nine i -gallon stoneware pots. 
Tensiometers were placed in 
each pot, midway between the 
side and center and at a depth 
which left i inch of soil below 
the bottom of the porous cell. 
Corn was planted and later 
thinned to four plants per pot. 
After the plants had reached 
a height of about 4 inchevS, 
three moisture levels— -dry, 
intermediate, and wet—w^ere 
established, each level being 
replicated three times. In the 
dry series water was withheld 
until the plants began to wilt, 
after which the tension was 
reduced to 50 cm of Hg by 
surface applications of water. 
In the intermediate series the 
tension was held between 30 
and, 50 cm and in the wet 
series between o and 3 o cm , 
After 52 days the plants 
w’ere harvested and weighed. 
Table i gives the green weight, 
percentage moisture, and dry 
weight of the plants from each 
pot. The moisture content 


r 


No. 00 Rubber 
Ofdipper 



Type of manometer used. 


increased slightly with increased water supply as would be expected. 
The variation in plant growth within and between the treatments, 
measured by weight, may be taken as an indication of the accuracy 
of moisture control. 


^Richards, L. A,, Russell, M. B., and Nkal, O. R. Further developments on 
apparatus for field moisture studies. Soil Bci, Soc. Amer. Proe., 2:55. i 9 S 7 - 
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Table i.' — Weight and percentage moisture of plant tissue produced at three 
levels of water supply. 


Pot- 
No. i 

Wet series 

Intermediate series 

Dry sei'ies 

Wet 

% 

Dry 

Wet 

% 

Dry 

Wet 

% 

Dry 


weight, 

mois- 

weight, 

weight, 

mois- 

weight, 

weight, 

mois- 

weight, 


grams 

ture 

grams 

grams 

ture 

grams 

grams 

ture 

grams 

I 

43-27 

86.5 

5-83 

25.11 

85.1 

3.74 

17.98 

83.0 

3.05 

2 

33-20 

85-8 

4.70 

24.25 

85.2 

3-59 

13.91 

85.2 

2,06 

3 

37*91 

85-4 , 

5.52 

25-98 

84.6 

3.99 

23.17 

83.6 

3.80 

Aver- 

age 

38.12 

86.6 

5-35 

25, 1 1 1 

85.0 

3.44 

18.35 

83-9 

2.97 


The larger variation between checks in the dry series shows that at 
this low level the moisture was not regulated as closely as in the inter- 
mediate or wet series. In the intermediate series the moisture level 
was controlled more closely, as shown by the smaller variation be- 
tween replications. Since intermediate moisture levels are desix'able 
in most greenhouse work, the use of tensiometers for indicating time 
of irrigation and amounts of water to apply should prove satisfactory. 
The distribution of moisture in the soils after harvest is given in 
Table 2. The pots had not been watered for 24 hours before samples 
were taken for moisture determinations; Composite samples from 
each series were used. The roots in the wet series were concentrated 
in the lower part of the soil, accounting for the lower moisture con- 
tent in this region. In the intermediate series the roots were rather 
well distributed through the soil, with some tendency toward con- 
centration in the lower part. In the dry series the roots were well dis- 
tributed with some concentration both near the surface and in the 
lower part of the soil. 


Table 2.--^Distrihution of moisture in soils a7id average moisture conteyit at 

time of harvesL 


Portion of soil 

Wet series 

Intermediate series 

Dry series 

TopK. . . ......... . 

32.10 

18.12 

14-95 

Center 1^3 . ... ....... 

33.05 

19.20 

15.88 

Lower K. .......... 

24.08 

17.61 

16.36 

Average. ... . . . . . . 

29.74 

■ ; 18.31 . ' : ' 

15.73 


The moisture equivalent of the soil was found to be 28.7, which 
would indicate a wilting coefficient of about 15.6. The moisture con- 
tent of the soils as determined should be the lower limit for each treat- 
ment, since the tensiometers indicated need for irrigation at the time 
of sampling. Thus, the lower limit for the dry series was very near the 
wilting point ; in the intermediate series it was about 2 .6% higher , 
and in the wet series it was very slightly above the moisture equiv- 
alent. 

To change the reading of a tensiometer requires a transfer of water 
between cup and soil. Because of the low rate of moisture movement 
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in relatively dry soils (tensions above 50 cm of mercury) , tensiometers 
will not i*eliably indicate vSoil moisture tension at any appreciable dis- 
tance from the cup. This is especially true in the case of large tension 
gradients, as when plant root systems are in the neighborhood of the 
cup. It IS rather unlikely after starting the moisture control in the 
dry series that soil moisture was ever uniformly distributed. The 
concentration of roots near the surface indicates that probably most 
of the moisture absorption took place in this region. With daily 
examination, the dry series was irrigated whenever wilting was ob- 
served, but the important thing to note is that only suflicietit moisture 
was added to drop the tension of the soil moisture in the neighborhood 
of the porous cup to a minimum of 50 cm of mercury. It was occavSion- 
ally necessary to refill the tensiometers in the dry series with water so 
as to remove accumulations of 2 or 3 cc of air, but no x)jn'ticular con- 
centration of roots around the porous cups was observed, in any of the 
p(;)ts.-“-“L. A. Richards and R. W. Pearson, Iowa State College, 
Ames, loim. 

BOOK REVIEWS 

METHODS OF STATISTICAL ANALYSIS 

By Cl H. Goulden. New York: John Wiley and Sons. pages. 

Ulus. igsg. $3.50^ 

T PIIS work is the first printed form, revised and enlarged, of a 
bound mimeograph, t\vo editions of which were issued. A review 
of the first mimeographed edition was published in this Journal 
( vol. 28, page 772). 

In the preface of the present volume, the author states, “The 
basis of this book, therefore, is the supplying of a textbook in statis- 
tics for students who have passed the elementary stage; who have 
studied a fair amount of theory and principles and now wish to equip 
themselves for actual statistical work in their own field of research 
activities.” This statement exciLses the author for only briefly con- 
sidering the theory of statistics and for omitting discussion of experi- 
mental technic such as selection of test areas, eliminating border 
effects, planting, harvesting, etc. The reader is expected to have 
secured this groundwork previous to a study of this volume. 

The book combines statistical mathematics, chiefly the phase 
usually called “small sample theory”, with experimental design. 
About two-thirds of the book is devoted to the former and one- third 
to the latter subject, if we are guided by the contents of the usual 
books on these subjects. It must be admitted that both these phases 
are intermingled in many parts of the work. While the review of 
statistical mathematics is concise, well-balanced, and illustrated by 
numerous worked examples all of which reflect to the credit of the 
author, the review^er believes that experimentalists, especially those 
concerned with field tests, will wTlcome especially the chapters 
dealing with experimental design because (i) a considerable amount 
of this subject matter is not found in other American wmrks; (2) the 
author has brought together pertinent material, much of which is 
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scattered through the literature; (3) the selections have been care- 
fully made; and (4) each type of design selected has been illustrated 
by an example carefully worked out and clearly expressed. Further- 
more, the student who wishes to investigate the subject more fully 
will appreciate the references to the literature given at the end of each 
chapter. 

The chapter headings include Calculation of the Arithmetic Mean 
and Standard Deviation-Frequency Tables and Their Preparation; 
Theoretical Frequency Distributions; The Design of Simple Experi- 
ments; Linear Regression; Correlation; Partial and Multiple Regres- 
sion and Correlation; The (Chi-square) Test; Tests of Goodness of 
Fit and Independence with vSmall Samples; The Analysis of Vari- 
ance; The Field Plot Test; The Analysis of Variance Applied to 
Linear Regression Formulae; Non-linear Regression; The Analysis 
of Covariance; and Miscellaneous Applications (includes the estima- 
tion of missing values and methods of randomi2;ation). Tables of t, 
Chi-square, and F and an index complete the volume. 

Because of their importance, reference should be made to the sub- 
jects covered in the chapter entitled “The Field Plot Tests mz,^ 
General Principles and Standard Designs, including the sub-titles 
soil heterogeniety, replication, randomization, error control, ran- 
domized blocks, the Latin square, factorial experiments, split-plot 
experiments; Confounding in Factorial Experiments, including 
orthogonality and confounding, partial confounding and recovery of 
information, splitting up degrees of freedom into orthogonal com- 
ponents, confounding in a 3 x 3 x 3 experiment, partial confounding 
in a 3 X 3 X 3 experiment; and Methods for Testing a Large Number 
of Varieties, including incomplete block experiments, two-dimen- 
sional quasi-factorials with three groups of sets, three-dimensional 
quasi-factorials with three groups of sets, and symmetrical incom- 
plete block experiments. The printing is excellent and the book is 
well bound. (F. Y. H.) 

BOTANY 

By William /. Robbins and Harold W. Rickett, New York: D. Van 
Nostrand Company. Ed. 3. XI+638 pages, Ulus, xgsg $3.75. 

T his edition follows closely the plan of the second edition. The 
subject matter has been brought more nearly up-to-date and 
many new illustrations have been included. In order to make the 
subject more interesting to the lay student the presentation starts out 
with a study of plant growth instead of a study of its cellular struc- 
ture. The book was written for use of general students and is not 
intended as a foundation for professional botany. The elementary 
course in botany gives a clear understanding of biological principles 
to students who do not intend to go on with a study of biological 
sciences. 

Part I deals with the living plant. A discourse on growth is followed 
with chapters on the structure, foods and nutrition, responses, repro- 
duction, heredity, and nature of life of plants. Part II, on the kinds 
of plants, gives a clear and concise discussion of the plant groups. 
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The student should become acquainted with the characteristic life 
cycles and importance of representatives of each group. Final chap- 
ters treat of the origin and evolution of life and the distribution of 
plants on the earth. 

Questions for review and discussion along with references are given 
at the end of the book. These are designed to help test the student on 
his mastery of the subject. 

The excellent manner in which the subject is presented cannot help 
but acquaint the student with the fundamental physiological process 
of living things along with their structure, and with the variety and 
extent of the plant kingdom. Fundamental principles of reproduction, 
inheritance, and evolution are presented in such a manner that a stu- 
dent should obtain a concise idea of the meaning of life as illustrated 
by the plant kingdom. (0. A. R.) 

ELEMENTS OF STATISTICAL REASONING 

By Alan E. Treloar. New York: John Wiley and Sons, Inc. XI+ 
260 pages, illtis. igjg. $3.25. 

T he chapter headings of this book are Numerical Description; 

the Law of Frequency Distribution; Typical Values; the Measure- 
ment of Variation; Moments and Distribution Characteristics; the 
Normal Curve; Bivariate Distribution and the Coefficient of Correla- 
tion; Rectilinear Regression; Residual Variation; Errors of Random 
Sampling; Sampling Errors of the Correlation Coefficient; Propor- 
tions and Probability; the Proportions of Vital Statistics; Sampling 
Errors of Proportions; the Measurement of Frequency Discordance; 
and Independence and Bivariate Tables of Frequency. The Appendix 
includes a table of normal curve functions; tables of 0 as a function of 
r; a graph of probability levels for r when p is zero and N is vSmall ; a 
table of the probability integral of selected formulas. An 

index completes the volume. No bibliography is included. 

Textbooks dealing with statistical methods vary much in the 
proportion devoted to explanation or logic of each phase of the sub- 
ject and that used to show the methods of calculation. At one extreme 
are books in which very little descriptive matter is presented with 
most of the text given to algebra and arithmetic. In fact these might 
well be called computers handbooks. The majority of American works 
on statistics contain about ecpial amounts of descriptive matter and 
of computation. The present volume goes to the other extreme by 
making the logic of statistics the main theme, using worked examples 
to illustrate the theory discussed. Thus, the author follows the plan 
used by many British and European writers. His aim is to cultivate 
in the student, ‘*a keen appreciation of the analytical power in quanta- 
tive logic which a knowledge of mathematics may open to him.” 
This viewpoint is epitomized in the preface where it is stated, “What 
is written herein is intended for those who wish to reason carefully, 
not merely imitate”. 

Dr. Treloar has written a logical, condensed book that carries out 
his aims for the phases of the subject selected and has produced a 
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work that should greatly assist all investigators who wish to make the 
best use of statistical methods in the interpretation of their results. 
Unfortunately, the author for reasons of economy has felt compelled 
to present only certain phases of the subject. Small sample statistics 
have been omitted entirely. Although the book is limited to large 
sample theory, a number of important subjects belonging to this 
group are not included, the most prominent being partial and multiple 
correlation. It is hoped that the reception of the present book will 
warrant the publishing of a second volume covering all these subjects. 

The book is an excellent text for those who desire to secure an up- 
to-date foundation in large sample theory, although the beginner will 
find it advantageous to supplement his studies by the use of other 
works that give more drill in calculation if he desires to become pro- 
ficient in the subject. The format, press work, and binding are 
excellent. (F. Z. H.) 

RESEARCH AND STATISTICAL METHODOLOGY 

By Oscar Krisian Bur os, Rutgers, N. J.: Rutgers Univ, Press, FH- 

100 pages, 1938, $1,23, 

T his work is claimed to be an effort to make available sources 
and excerpts from critical reviews of all books in the English 
language in which research or statistics constitute the main theme 
and which appeared during the interval 1933 to 1938. Most of the 
references are to -works on statistical methods and to manuals fox 
preparing reports and writings on scientific subjects. It is true that a 
number of books dealing with methods used in some branches of 
natural science are considered, but works of other branches seem to 
have been neglected. Cheniistry is an example. 

A shortcoming, that appears to be important to the reviewer, is 
the fact that no very complete guide to the contents of the books 
reviewed is furnished. In many instances a list of the chapter headings 
were given in the original revie-ws, but these have been omitted in the 
excerpts. The reviewer realizes that to have included these tables of 
contents would have increased the amount of printed matter con- 
siderably, but it would have been possible to have coded the subject 
matter so as to have given the reader a better idea of the contents of 
each book without unduly increasing the amount of printed matter 
in the present volume. The Classified Index is helpful but lacks the 
completeness necessary for the reader to make a selection of all the 
books in which some .special subject is discussed, as for example, 
tetrachoric correlation or parabolic regression. It is hoped that in 
future works of this nature some economical, specific, and practical 
method will be adopted to carry out this idea. 

There is much to commend in the work, however, since the excerpts 
froin reviews give the reader the opinions of others regarding any 
particular work and, although incomplete, some idea of the subject 
matter is afforded. (F. Z. H.) 


JOURNAL 

OF THE 

American Society of Agronomy 

VoL. 31 ■ December, 1939 No. 12 


THE AGRONOMIST, HIS PROFESSION, AND AN EXAMPLE 
OF COORDINATED RESEARCH! 

Ralph J. Garber2 

T he agronomist is truly at the crossroads of agriculture. There 
passes within view of his vantage point almost the entire pano- 
rama of agricultural production. Well nigh every item of human food 
and clothing has, somewhere along the line from its source to its final 
synthesis, challenged the interest of an agronomist. Our good friends 
the horticulturists would likel}?' not admit that the domains of soil 
tilth, soil organic matter, soil moisture, and soil productivity are 
exclusively those of agronomy, but I think they would admit readily 
enough that in the solution of problems involving these factors as they 
relate to the growth of fruits and vegetables, the agronomist’s aid has 
frequently been sought and received. 

The agronomist not only occupies a position that is fundamentally 
important in agriculture, but in industry as well. Much industrial 
production is dependent upon successful crop production. Problems 
of land use adjustment and soil conservation which affect both urban 
and rural peoples require the guiding hand of an agronomist to help 
in their solution. One might go on and cite innumerable instances 
where the interest of an agronomist impinges upon and affects those 
of his fellow man, but this is unnecessary. 

THE AGRONOMIST 

With such a range of interest, what sort of an individual is an 
agronomist? Zoologists tell us he belongs to Homo sapiens (but let 
me fasten to add that the first part of the specific name, *'s-a-p”, has 
no sinister connotations). This classification, in common with other 
men, places agronomists in the same general family with monkeys. 
Please note that I am not even remotely referring to the possible re- 
lationship between men and monkeys, but simply pointing out to you 
the particular pigeon hole into which experts on the classification of 
animals have thrust the agronomist. I am very eager to make this 

Presidential address presented before the thirty-second annual meeting of 
the ^ciety, New Orleans, La., November 23, 1939. 

^Director, XT. S. Regional Pasture Research Laboratory, Bureau of Plant In- 
dustry, State College, Pa. 
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point clear, if for no other reason, than that I do not wish to start an 
argument that might well engage our wits and prejudices for days 
without end. 

The cytologist tells us that each cell of an agronomist contains 24 
pairs of chromosomes that comport and disport themselves as only 
such bodies can. He assures us that one member of each pair is pa- 
ternal and the other maternal in origin. He also advises that one of the 
24 pairs has a peculiar significance for us. I refer to the sex chromo- 
somes. If our paternal ancestor had given us an x^chromosome, in- 
stead of a y-chromosome, we would have been more likely to become 
an agronomist’s helpmate than an agronomist. Be that as it may, 
these 24 pairs of chromosomes have played a very important role in 
determining the final product, man, for they are the bearers of genes, 
the fundamental units of heredity, if not of life itself. 

In our primordial existence and later throughout life these chromo- 
some pairs behave with a nicety that is truly astounding. Just previous 
to the formation of eggs or sperm, corresponding members of chromo- 
some pairs may exchange comparable segments, then disjoin so that 
each egg or sperm that is eventually formed is allotted 24 chromo- 
somes— one member of each pair contained in the body cells. When 
the egg is fertilized with a sperm the normal number of chromosomes, 
48, is restored. From this original fertilized egg throughout life, each 
cell division characteristic of growth is preceded with a splitting of 
each chromosome to form two new chromosomes; thus, the mechan- 
ism is provided that assures each descendent cell its normal comple- 
ment of chromosomes. 

As may be inferred from what has already been said the chromo- 
somes in themselves would not be of such great importance if it were 
not for the fact that they carry the hereditary factors. This is the 
opportune moment to call in the geneticist, or “gene chaser”, as he 
is sometimes inelegantly, but quite descriptively, called. He tells us 
that each chromosome contains scores, if not hundreds, of genes. If 
this is true“~“and the veracity of the geneticist is seldom questioned— 
it may foe of interest to pause and reflect a moment on the possible 
diversification of natural endowments among incipient agronomists. 
If we assume that each chromosome carries but a single gene, there 
would be possible a total of 282,429,536,481 different combinations as 
a rcvsult of disjoining and rejoining independently 24 pairs of chromo- 
somes.^ From this it is easy to see that even if we assume but a few 
genes in each chromosome there is little likelihood of finding two 
agronomists alike in anything except perhaps in subject matter 
interest. 

Where does this dilution of sense with a bit of nonsense lead us? I 
hope it will serve to show that the scope and functions of the agrono- 
mists are broad and varied, but fortunately agronomists collectively 
represent an array of talents fully capable, when harmoniously sym- 
biotic, of handling successfully the many agronomic responsibilities 

THE AGRONOMIST’S PROFESSION 

Agronorriy comprises several of the so-called pure sciences anasto- 
mosed. It is concerned with growing bigger and better crops more 
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efficiently, without at the same time losing the soil, that most A^alu- 
able aid in man’s struggle for the elusive “abundant life”. Early in 
our history it was not uncommon for a single agronomist to have 
under way experiments dealing with crop rotation, tillage, variety 
testing, fertilizers, and plant selection, to say nothing of his teaching 
and extension duties. In those days the agronomist was truly a man 
of broad intersts.^ I am somewhat fearful at times, in our present era of 
intensive specialization, lest we lose perspective and balance in our 
agronomic investigations. Perhaps we should maintain general experi- 
mental farms to determine how well new procedures and improved 
varieties fit together to make a successful farm enterprise. In this con- 
nection I would like to commend for your later attention the Presi- 
dential address of R. G_. Stapledon, Director of the Welsh Plant Breed- 
ing Station and Imperial Bui*eau of Pastures and Forage Crops, de- 
livered before Section M (Agriculture) of the British Association for 
the Advancement of Science and published in Volume 6, Number 3, 
of the Herbage Reviews for 1938 . 1 shall content myself at this time 
with a brief quotation from page 14 1 : 

“The major aim of agronomical research, which is essentially field research, is 
to study all the factors which are operative at once and together, and in their 
natural interplay, for ‘nature is a theatre for the inter-relations of activities’. 
Such a procedure, it may be said, is impossible or at least unscientific. It is cer- 
tainly not impossible, and if it is unscientific it will yet remain agronomical, and 
many of the problems of agriculture are more likely to be solved, shall I say, by 
agronomical investigations than by scientific research, while nearly all the results 
of scientific research have to pass through the sieve of an immense amount of 
agronomical investigations before they can be other than positively dangerous to 
the practitioner.” 

While we may sometimes dream in retrospect and express a yearn- 
ing for some of the good things of the past, we are all fully aware that 
agronomic progress has come about through agronomic specialization. 
We are no longer content with trial and error methods, we are in- 
terested to know why a thing happened as well as to know it did 
happen. 

Agronomy for the most part has changed from a profession of 
generalists to one of specialists and incidental to this transformation 
has become more analytical and perhaps less synthetical. The tend- 
ency now is for the research agronomist to analyse his problems in 
terms of soil chemistry, soil physics, soil microbiology, cytogenetics, 
or physiology, and evaluate and interpret experimental data relative 
to the solutions of these problems in definite quantitative terms. 
Methods both in the laboratory and in the field have been greatly 
improved. 

As an example of progress in methods one may cite the evolution 
of field experiments. It is a long step from the one plot per treatment 
of a few decades ago to the present two dimensional pseudo factorial 
arrangement. The results obtained from the earlier experiments were 
interpreted largely by the use of the personal equation; now we 
analyze variance with the aid of a calculating machine to arrive at an 
entirely impersonal result. Perhaps we have gone too far in this di- 
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rection. Certain agronomists have been so unkind as to suggest that 
a sort of statistical phobia has supplanted common sense. Be that as 
it may, I think even the most rabid anti-anything-statistical would 
admit that mathematical analysis has had a profound influence in the 
refinement of field experiments. 

At one of the recent annual meetings of our Society an eminent 
plant physiologist expressed surprise at the high level of plant physio- 
logical understanding among agronomists. In a different session of 
the same meeting a well-known geneticist, in opening a symposium 
before a group of plant breeders, explained at great length some of the 
modern genetic viewpoints and inferred that the group was unfamiliar 
with them. He soon discovered to his chagrin that the explanations 
were unnecessary and the inference incorrect. 

The soil agronomists have gone even further than the plant agrono- 
mists in specialization as evidenced by the following self-imposed 
classifications: soil physics, soil microbiology, soil genesis, morphology 
and cartography, soil chemistry, soil fertility, and soil technology. I 
presume soil conservation might be added; or is the activity under this 
category as yet too broad to be called specialized? 

With all these ramified and somewhat diverse interests within the 
agronomic fold, I submit that no one agronomist is learned enough 
to be a master in each field or broad enough to see all angles of an 
agronomic problem. I suspect that extension agronomists more than 
any other group feel the need of tieing together and interpreting for 
practical faim conditions the many technical results being made 
available to them by the research agronomists. What are we going to 
do about this situation? I am not conceited enough to think I have 
the final answer, but with your permission I would like to describe 
briefly a cooperative attempt to coordinate and integrate pasture re- 
search in the northeastern states as an example of one way to facilitate 
the convergence of divergent approaches toward a single objective. 

AN example; op coordinated research 

The directors of the twelve agricultural experiment stations in the 
northeastern United States have been holding annual meetings for 
many years to discuss problems of mutual interest. When the funds 
under Title I of the Bankhead-Jones Act of 1935 became available 
this group recommended that a laboratory for pasture research be 
established somewhere in the Region. After a survey of the available 
sites it was decided to locate such a laboratory at State College, 
Pennsylvania. The functions of the laboratory, which is financed by 
Bankhead-Jones funds assigned to the Bureau of Plant Industry of 
the U. S. Dept, of Agriculture, are to serve as the focal point for 
coordinating and integrating pasture research in the northeastern 
states and to carry on fundamental research not already adequately 
provided for in the Region. I have used the words “to serve as the 
focal point*’ advisedly and purposefully, since this is a democratic, 
not a totalitarian venture. 
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SOME AGRICULTURAL CHARACTERSITICS OF THE NORTHEAST 

Before detailing some of the more significant steps in this enter- 
prise it may be well to describe very briefly some of the pertinent 
agiicultural characteristics of the Region. The soils for the most part 
are of glacial origin, although residual soils derived largely from lime- 
stone, shales, or sandstones are found in certain ax'eas, particularly in 
Delaware, Maryland, New Jersey, Pennsylvania, and West Virginia. 
The soils vary from light sands to heavy clays and from unproductive 
to highly productive ones. The topography varies from narrow plains 
and valleys to hills and mountains. Much of the areals woodland, or 
cut-over woodland that should be replanted to ti'ees. Other large 
areas are suited primarily to a grassland type of agriculture. The pre- 
cipitation is usually adequate for luxuriant growth, although during 
July and August the weather may be dry and hot. The northeastern 
United States embraces one of the most important milk-marketing 
regions in the world, both from the standpoint of production and 
consumption. 

Pasture, when available, is the most economical source of feed for 
the dairy cow so perhaps the most important pasture problem is to 
provide adequate heihage for grazing throughout the entire growing 
season. Increased production at a lower unit cost, improved quality, 
and greater palatability are other important considerations. The 
solution of these problems is complex and demands a diversified 
approach. Moreover, pasture research men in the northeastern United 
States, while in essential agreement as to the objectives to be attained, 
differ widely in opinion as to the most effective methods of attaining 
those objectives. From a research point of view this is a stimulating 
situation but at the same time one that requires a cooperative ap- 
proach if the research is to be coordinated; This is perhaps the strong- 
est reason why the directors of the twelve northeastern states urged 
the establishment of a regional pasture research laboratory. 

A PLAN FOR COORDINATION 

A memorandum of agreement was drawn up, setting forth in broad 
terms the objectives of the Laboratory and the respective responsi- 
bilities of the Bureau of Plant Industry of the U. S. Dept, of Agri- 
culture and the twelve agricultural experiment stations concerned, 
i.e., Connecticut, Delaware, Maine, Maryland, Massachusetts, New 
Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, 
Vermont, and West Virginia. 

To effect a close coordination in the pasture research of the Region, 
a collaborator was appointed to represent each state station cooperat- 
ing with the Laboratory. The collaborators meet annually with the 
Laboratory staff' and other representatives of the U. S. Dept, of 
Agriculture to help plan, coordinate, and integrate fundamental 
pasture research in the northeastern United States regardless of 
whether the work is supported by state funds, federal funds, or both.. 

As a guide in furthering this undertaking a statement of policy 
was drawn up and mutually accepted by the agencies concerned, I 
shall not attempt to repeat the fulk statement at this time, but some 
of the more significant features may be of interest. 
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It was agreed that all phases of the current pasture research proj- 
ects, which are likely to yield information of regional interest, would 
be reviewed with a view to determining their suitability or to modify- 
ing them to lit into a coordinated plan. It was not the intention, of 
course, to assume direction over the work of any station. The idea 
was merely to analyze frankly and to plan a cooi'dinated program on 
the fundamental aspects insofar as such action is practicable from an 
administrative standpoint. Any recommendation made by the collab- 
orators which involves the discontinuance or initiation of a major line 
of pasture research in a given state will first be reviewed and passed 
upon by the director of that state station and by the administration 
of the Pasture Laboratory before it is made a part of the regional re- 
search program. 

It was agreed that the Laboratory’s researches should pertain par- 
ticularly to lines not already adequately provided for and directed 
along lines most likely to yield information of regional interest. 
vSimiiarly research conducted in cooperation with a state station 
should be of the type likely to yield basic information. If the Labora- 
tory develops new strains or strain combinations of pasture plants or 
discovers new facts which appear to possess merit from the farmers’ 
standpoint, they should be thoroughly tested in cooperation with state 
workers, who, in this case, preferably would assume the major re- 
sponsibility for carrying on the work. 

During the somewhat more than two years of the Laboratory’s 
existence the collaborators have held three meetings and have spon- 
sored two meetings of plant breeders interested in pasture improve- 
ment in the Northeastern Region. Frequent exchanges of professional 
visits among individuals engaged in pasture research in the Region 
have been promoted, in addition to the occasional group meetings. 
Any instrumentality which will serve to bring research men working 
in similar fields together to become better acquainted, both pro- 
fessionally and personally, is useful, since one of the greatest obstacles 
to overcome in promoting cooperation and coordination is mutual 
misunderstanding. 

The collaboi-ators have facilitated a free exchange of project out- 
lines dealing with pasture research between the State stations and the 
Laboratory. All project outlines of the Laboratory are kept up to date 
and filed with each cooperating State station. Likewise, the project 
outlines of the State stations are on file at the Laboratory. The an- 
nual report of the Laboratory, a copy of which is sent to each cooper- 
ating agency, includes also a progress report of the pasture research 
under way at each State station. The collaborator is responsible for 
assembling this material at his particular station. 

As a more or less direct outgrowth of these activities cooperative 
projects have been drawn up under which certain state stations and 
the Laboratory are cooperating in a breeding program. In these pro- 
jects the Laboratory is giving most of its attention to the fundamental 
aspects underlying methods of breeding, whereas the state stations, 
in addition to some of the fundamental aspects, are giving particular 
attention to breeding with the definite objective of producing im- 
proved strains for the particular conditions under which they are to 
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be grown. This kind of cooperative arrangement seems necessary to 
make effective progress. With a Region as diversified in soil and cli- 
mate — to say nothing of variation in pasture management practices— 
it is hardly reasonable to expect that a centrally located laboratory, 
even though it were physically possible to do so, could breed improved 
forms for the whole Region. Moreover, in such a comparatively new 
field there is need for pioneering in ways and means of bringing about 
improvement by breeding and it seems logical that the Laboratory 
should devote a considerable share of its attention to this phase of 
the work. 

In addition to this more or less formalized approach to research on 
a regional basis, informal methods are likewise encouraged. An 
example may be cited. Two project leaders in the Region, one at a 
state station and one at the Laboratory, discovered through an ex- 
change of letters, that they were contemplating similar composition 
studies of pasture grasses. By mutual agreement it was decided that 
one of them should study one species and the other another species. 
By correspondence and occasional personal conferences, these two 
men are keeping in close touch with the progress of one another's 
work. Such an arrangement, it seems to me, is one of the most effec- 
tive means of coordinating research. 

I have used the terms cooperation and coordination with a slight 
difference in meaning, a difference primarily of degree. It is generally 
true that we cannot have coordination without cooperation; it is par- 
ticularly true in attacking a problem so involved and with so many 
possible angles of attack as has pasture improvement in the north- 
eastern states. On some phases of this problem it may be mutually 
advantageous for two or more stations, state or federal, to carry on a 
specific research project in close cooperation with one another. On the 
other hand, in some cases it may be more expedient for individual 
stations to assume major responsibility for developing certain phases 
of the problem and thus, by concurrence, bringing about etiective 
coordination. 

I like to think of our regional approach to pasture improvement in 
the northeast as an arrangement whereby^ all research facilitiefs, in- 
cluding both personnel and available equipment, regardless of the 
funds supporting them, are brought together, scrutinized, appraised, 
and, by mutual agreement, guided and made use of along the respec- 
tive lines which seem most effective toward achieving the common 
objective — acquisition of the facts underlying pasture improvement 
in the Region concerned. 

RESEARCH AT THE LABORATORY 

What I have said about the approach to pasture research on a 
Regional basis applies equally well to the research of the Laboratory 
itself, but on a smaller scale. We have brought together at the Lab- 
oratory a number of research specialists with different viewpoints and 
training, but all with a common objective — contributing something 
of regional interest in pasture research. At present the group includes 
a physiologist, a soil chemist, two cytogeneticists and plant breeders, 
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a biochemist, and a plant pathologist. These six project leaders are 
working on the same pasture species, but from different angles. 

The research of the laboratory is organized around two main-line 
projects, (i) cytogenetics and breeding and (2) physiology. As source 
material thousands of individual plants of the important pasture 
species are being grown in the nursery. This material came from both 
seeds and plants collected in pastures of the Northeast, as well as 
from seed from important producing areas in the United States, 
Canada, and other countries. 

The breeding and cytogenetic investigations have for their im- 
mediate objectives the discovery of fundamental facts helpful in 
planning an intelligent breeding program and the isolation and cata- 
loging, with respect to specific characteristics, of more or less true- 
breeding strains. At present the cytogeneticists are concerned with 
such questions as self- and cross-compatibility, effect of inbreeding, 
chromosomal relationship to plant characters and behavior, species 
crosses, the eflicacy of colchicine in producing chromosomal redupli- 
cation, and methods of evaluating, for pasture purposes, individual 
plant types. 

In the phyvsioiogical studies emphasis is being placed on temper- 
ature and water relations to plant growth, the relation of intensity 
and duration of light to fruiting and vegetative growth, and plant 
food reserves in the underground parts in relation to top removal and 
fertilizer treatment. The responses of different clones of the same spe- 
cies to different nutrient levels both in soil cultures and artificial 
gravel media is receiving considerable attention. In the composition 
studies the variation among individual plants of Kentucky bluegrass 
with respect to crude protein and among individual plants of white 
clover with respect to certain minerals are being determined. The 
cyanogenetic glucosides of white clover and the carbohydrate frac- 
tions of some of the grasses are other subjects under investigation. 

The pathologist is working in an almost virgin field in the pasture 
plants. Of necessity, he at first is conGerned with a survey to -deter- 
mine what are the most destructive diseases in pastures. He must 
work out life histories of the pathogen so as to enable him more in- 
telligently to plan controTstudies. In the pasture species practical 
control of diseases is most likely to coaie from breeding for resistance, 
hence the^ pathologist must work out methods of inducing artificial 
epiphytotics so that he and the plant breeder, working together, may 
make effective progress in breeding for resistance. 

One of the fundamental problems in which the Laboratory is in- 
terested is variation, either natural or induced, within pasture species. 
Perhaps I can illustrate an approach to this problem in one species 
by citing an actual example. The plant breeder is studying 81 different 
plants of^ Kentucky bluegrass asexually increased in sod plots as a 
first step in determining their potential pasture value, the cytogenetic- 
ist is investigating their method of reproduction, the soil chemist is 
studying the response of some of these same clones to different levels 
of phosphorus and nitrogen fertilization in soil cultures in the green- 
house, the physiologists are studying the relative effectiveness of 
^ water utilization of some of the clones and making .a survey of the 
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variation in their crude protein content, and, finally, the plant path- 
ologist is determining their I'elative resistance to Helminthosporium 
‘leaf spot'’. If tinie permitted, I could cite other examples of similar 
nature, but I think this one suffices to illustrate coordinated and 
cooperative research among members of the Laboratory staff. 

In closing I offer my apologies for protracting this example of 
coordinated research to such a length and for the rather frequent 
digressions. If there is a grain in the chaff which I have winnowed 
before you it is the challenge to accept the ever-widening agronomic 
responsibility by effective cooperation. 
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THE HAZARD OF BASING PERMANENT GRAZING 
CAP ACUY Q-N BROMUS TECTORUM^ 

George Stewart AND A. E. Young® 

D ata obtained during tbe 1937 and 1938 grazing seasons in Gem 
County, Idaho, make clear the extremely great economic 
hazard and the management difficulties involved when the perennial 
grazing capacity is based on the fall-annual grass downy chess 
(Bromus tectorum) locally known as cheatgrass. This hazard consists 
largely of two elements, somewhat related to each other but still more 
or less distinct. They are (i) the wide variations in forage production 
from one year to another, and (2) the uncertainty as to whether there 
will occur any production great enough in volume to serve as a basis 
for livestock grazing. These statements deal with both relative and 
absolute values and derive most of their importance from the com- 
parison between downy chess and the perennial plant species that 
only a few years ago constituted most of the plant cover on this area 
and yielded most of the forage for livestock, 

ECOLOGICAL HISTORY 

A brief review of the ecological history of downy chess and of the 
part it plays in the grazing economy of the Intermountain region will 
help to clarify the nature of the difficulty that has arisen as a result 
of native perennial forages having been largely replaced by downy 
chess on many millions of acres of foothill ranges. About i9oo“no 
records are available to establish the definite date— downy chess 
appeared in northern Utah and began to increase in places where the 
plant cover had been disturbed, as along roadsides, fence lines, and 
in old stands of alfalfa. This grass also spread to uncultivated areas, 
especially where the cover of native perennials had been thinned or so 
reduced in vigor that there was less than a full natural stand. Large 
areas of foothill range and adjacent valley edges that had been grazed 
without restriction by community livestock were soon occupied. 

Ranges formerly furnishing some feed throughout much of the 
summer now bore after the end of June only the tough, straw-colored 
stalks and hard-toothed seeds of downy chess, dead dry, and highly 
inflammable. Freciuent fires raced over these foothills, and owing to the 
slenderness of the pedicels bearing the spikelets, these burned through 
and the seeds dropped to the ground uninjured by fire. The seeds and 
root crowns of perennial grasses, however, are sometimes injured 
because the more abundant growth holds the fire longer. During a 
fire most woody plants are consumed down nearly to the ground line. 
After a few years these fires, together with unrestricted grazing, 
brought about nearly pure stands of downy chess. When no fires 
occurred the seeds shattered and were dispersed naturally. 

^Contribution from the Intermountain Forest and Range Experiment Station, 
U. S. Forest Service, Ogden, Utah, and the Soil Conservation Service. Received 
for publication September rS, 1939, 

^Senior Forest Ecologist and Assistant Range Examiner, respectively. 
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Autumn rains enable tlie downy chess seeds to germinate and the 
seedlings to develop considerable grass clumps before the coming of 
snow, under which they lie dormant until spring. The first warm days 
stimulate the growth of leaves and flower stalks which proceeds with 
great rapidity by vitrue of the root and crown development of the 
previous autumn. This early growth furnishes spring feed for live- 
stock but lasts only about four or at most six weeks before the soft 
green growth dries and toughens at the time of seed development. In 
another 3 or 4 weeks the seasonal cycle is completed and during July 
and August the matured, dry plants are seared with summer heat, 
and being annuals they show no further activity until fall rains germi- 
nate the seeds and start a new crop of seedlings. 

The growth of downy chess is markedly affected by both tempera- 
ture and available moisture at two critical periods, (a) in the fall 
when seed germination ordinarily takes place and vegetative stooling 
begins, and (b) again in the spring when flower stalks are sent up and 
most of the volume of top growth is produced. Should autumn pre- 
cipitation be so nearly lacking that germination does not take place 
or that clumps are not developed in the fall, or should the spring be 
so dry or so cold as to retard top growth, the amount of total vegeta- 
tion produced is very small. 

In an unusually late, cold spring top growth may be retarded until 
the normal time to begin seed production has arrived, after which 
during long warm days the soil soon dries out and vegetative growth 
ceases. Sometimes when cold spring weather delays growth and even 
when moisture is abundant, seed production takes place while vegeta- 
tive growth is still meager. In the absence of critical studies, definite 
statements cannot be made as to all the reasons for retarded growth 
in late springs. Observation and preliminary tests, however, lead to 
the opinion that downy brome is so strongly influenced by the length 
of the daylight period that when the required day length occurs seed 
production sets in almost irrespective of the height or spread of the 
vegetative growth. At any rate, in some years heavy seed production 
occurs on greatly dwarfed plants, though in most years vigor of top 
growth and high seed production accompany each other. 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

Downy chess has spread throughout Utah in the intermediate foot- 
hill zone, being abundant neither at the high elevations where moun- 
tain plants prevail nor in the dry desert valleys where Russian 
thistle replaces it as the predominant annual on abandoned cultivated 
land and in the spaces of a weakened plant cover that were formerly 
occupied by native desert perennials. Downy chess is particularly 
abundant in the foothills of the Snake River Valley, and ^ especially 
so in the 200-mile northwest-southeast stretch in which Boise, Idaho, 
is about centrally located. More recent is its occupation of Nevada, 
of eastern Oregon and Washington, and of Montana in parts of which 
it is thought to be still invading. 

In Montana particularly, stockmen and staff members of the 
Montana Agricultural College have within the past few years ex- 
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hibited considerable concern about its further spread. Many stock- 
men of the Intermountain region also fear that once downy chess has 
occupied a tract of range land that perennial forage cannot be brought 
back. Opposed to this fear is the fact that, on several areas supporting 
a vigorous growth of native perennials, downy chess has invaded but 
has not thickened its stand materially. 

Critical research is much needed in order to determine under which 
ecological conditions perennial forage species may be able to invade 
established stands of downy chess and the rate at which the per- 
ennials may become established in the area. Perhaps the competitive 
vSuperiority of one plant group over the other may differ under differ- 
ing environments. For example, in the foothill zone of northern Utah 
and southeastern Idaho where the annual precipitation is 9 inches or 
more, perennial forages are apparently increasing in downy chess 
areas on which for a few years grazing has been relaxed and fires kept 
out. In other words, the better native pei'ennial forage species seem 
likely, when given a fair opportunity, to be able under fair precipita- 
tion to compete successfully with downy chess. 

On the other hand, many good observers are of the opinion that 
where the precipitation is 6 to 8 inches or less, perennial vegetation 
is not sufficiently vigorous to enable it to replace downy chess, even 
when the area is very lightly grazed. Many other workers think that 
in time perennials would return. Unanswered questions have been 
raised as to whether perennials can in ordinary circumstances make 
good headway in stands of downy chess; whether in arid conditions 
such replacement would not be so slow as to make it inadvisable to 
sacrifice the spring growth of downy chess in order to give the peren- 
nials a chance; and whether, as some think, the downy chess is as 
valuable for forage as the perennials that can be restored under con- 
ditions which are unfavorable to the perennials. 

The competition between downy chess and native species has taken 
a new departure in some parts of the region during the last few years, 
a form of smut (Ustilago hromivoraY having attacked downy chess but 
not the native grasses. For example, in 1935 and 1936 this smut was 
so abundant on the foothill range to the north of Mountain Home, 
Idaho, that scarcely any seed was produced in that area, greatly re- 
laxing the competition with perennial forages where these were abun- 
dant enough to take advantage of the open spaces in the plant cover. 

Downy chess, though a much used grazing plant, is not in the true 
sense highly palatable. Its value for grazing is limited greatly by the 
fact that the leaves are both hairy and sparse, and that the period 
during which it is fresh is short. As the time of seed maturity ap- 
proaches its stems become tough and wiry and its seeds hard with 
toothed lemmas, often lodging in the softer tissues of the mouths of 
livestock, particularly of young animals. In warm moist springs, 
however, for about a month before seed begins to develop and the 
stems get tough, the leaves and early stem growth are eaten readily 
by both cattle and sheep, as is also the new growth that springs up in 
autumn after good rains. Horses have been shown to be able during 
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summer nearly to maintain themselves in good condition of flesh and 
liveliness when they had access to an abundance of pasturage con- 
sisting of 89% of dried herbage and seeds of downy chess.^ The many 
millions of acres of spring and fall range occupied by it and the ex- 
treme scarcity of perennial grasses make it a highly important feed. 
In fact, it is so much used during the range lambing season that many 
stockmen regard it as their principal source of spring feed. This tends 
to obscure the importance to stockmen of restoring the good perennial 
grasses which are more palatable, produce higher yields of forage, do 
not have toothed seeds, and keep soft for 8 to 12 weeks in com- 
parison with 4 or 6 weeks for downy chess. The completeness -with 
which downy chess occupies a favorable area greatly retards, though 
under ordinary precipitation it probably does not prevent, the increase 
of perennials. The abundance of downy chess, however, increases the 
fire hazard, and thereby tends indirectly to keep out perennials 
altogether. 

RANGE SURVEY OF GEM COUNTY, IDAHO 

During the summer and fall of 1937 an interagency range survey, 
known officially as the Western Range Survey, was conducted in the 
western United States. As part of this survey. Gem County in Idaho 
was completely covered and several other Idaho counties partly 
covered. For Gem County a vegetation type map was prepared and 
the forage inventoried at the minimum survey intensity of 10 plots 
to the section by the point-observation-plot method.® From this 
survey, grazing capacity in cow-months was calculated and tabulated 
on a map within vegetation types by sections. As a whole, the reported 
grazing capacities were much lower than was thought to be correct 
by the stockmen who were using these lands, and who were to be 
allowed A. A. A. benefit payments in proportion to the grazing capacity 
of their range lands. 

When the time for the next grazing season was at hand, it was clear 
that the grazing capacity for 1938 was much higher than that re- 
ported for 1937. This led to a re-examination of the area by the Inter- 
mountain Forest and Range Experiment Station. The procedure con- 
sisted of visiting about 20 typical areas in the county and examining 
such areas closely, after which forage conditions on a larger surround- 
ing area were noted in a more general fashion. By far the greater part 
of the vegetation on most of the re-examined areas was found to con- 
sist of downy chess, with which was interspersed a few annual weeds, 
and in some parts of the area, a very sparse but well-distributed cover 
of bunch bluegrass {Poa spp.). The forage production in 1938 was 
therefore tabulated as a distinct reading and compared with the 
WRS map showing the grazing capacity of 1937 as another distinct 
reading. Since a new range survey was not possible, and since, as 

^Hurtt, L. C. Downy brome (cheatgrass) range for liorses. Applied Forestry 
Notes (mimeographed), Northern Rocky Mountain Forest and Range Experi- 
ment Station, January, 1939* , . . / 

sStewart, George, and Hutchings, S. S. The point-observation-plot (square- 
foot density) method of vegetation survey. Jom. Amer. Soc. Agroii., 28:714-722. 

1936. 
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compared with an entirely new forage inventory, it was much quicker 
to arrive at an approximation of the 1938 grazing capacity by com- 
paring it with that of 1937 as shown on the WRS map, the 1938 
forage production is expressed by a percentage figure that indicates 
the amount by which it exceeds that of 1937* 

PRECIPITATION AND FORAGE GROWTH 

The more abundant protection of downy chess in 1938, as compared 
with that of 1937, is accounted for by several climatic conditions. 
The precipitation in 1938 was about double that of 1937 and the 1938 
crop was further helped by approximately 5 inches of precipitation 
during the three fall months of September, October, and November 
1937, when downy chess was beginning growth, as compared to 
practically none during the same months of 1936. These data and 
also the fact that the spring rainfall of March, April, and May when 
this grass grows most rapidly was about 75 to 80% greater in 1938 
than in 1937, are shown in Table i and Fig. i. During the cold, snow- 
covered winter of 1936-37 little germination and practically, no 
growth took place until March; whereas, during the mild, rainy 
winter of 193 7“38 full germination occurred in September and growth 
continued almost without cessation from that time till the seed 
matured in June. 

This timely and abundant precipitation and the open winter so 
favored the growth of downy chess that the grazing capacity in 1938 
was much higher than that obtained for 1937, owing largely to the 
increased production of downy chess, but in a minor way to some for- 
age production by native bunch bluegrasses not reported in the 1937 
survey. These grasses were missed at that time because of their dry 
scorched condition in the late summer when they are normally 
dormant. The local Soil Conservation Service workers had already 
found the bluegrasses and had arrived at the same conclusions with 
reference to increased grazing capacity, having taken a considerable 
number of check estimates on typical areas of the county. 

A careful examination of the forage on the ground, of the data 
which the Soil Conservation Service had taken, and of the additional 
information gathered at the time of the check survey, all show the 
tremendous variation in the forage produced from one year to an- 
other and from one small area of land to another by the annual downy 
chess. This plant is the only annual plant in Gem County requiring 
much consideration in this study, but it is thought that the same 
wide variation would occur in almost any area in which either this 
plant or another annual constituted most of the plant cover, and had 
been subjected to as great a variation in the total quantity of pre- 
cipitation and in the distribution of that precipitation as occurred in 
Gem County when 1938 is compared with 1937. Perennials also vary 
widely in forage production from year to year but as will be seen they 
were much more dependable than annuals in Gem County. 

DATA OBTAINED BY RE-EXAMINATION 

Three general soil conditions prevail in Gem County, namely, (i) 
loose granitic sands, (2) fine-grained basaltic soils, and (3) ancient 
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Payette lake-bottom soils. The behavior of the downy chess on these 
respective soil types was in the main rather distinct. On the granitic 
soils a luxuriant growth of downy chess was produced in 1938, from 
100 to 200% greater than that of 1937, whereas on the basaltic soils 
the increased growth, though marked, is inuch less than on the 

Table i. — Precipitation by months for the two downy chess growing seasons of 
igj7 and at Sweet, elemtion 2,450 feet, and Brownlee, elevation 

4,000 feet, Gem County, Idaho » 


Sweet 


Month and year 


Inches 


August 1936. . 
September . . . 
October. . . . . 
November . . . 
December . . . 
January 1937- 
February .... 

March 

April. ....... 

M ay . 

June .... 

July 


Total. 


August 1937. . 
September. . . 
October. .... 
November . . . 
December . . . 
January 1938. 
February .... 

March 

April. . ...... 

May 

June. 

July......... 


Total. 


Total, Sept., Oct., 
■'Nov. .... . ... . . ... 

Total, Mar., Apr., 
May 


0.24 


1.27 

2.82 

1.38 

1.80 

1.72 

0.90 

0.69 


10.92 


1.62 [5.16 

3.54J 

3.25 

4.07 

1.68 

3.67 

2.80 

1.36 

0-93 

0.90 


23.82 


1936-37 

o 

4>42 


Brownlee 


Month and year 


1937-38 

5-16 

7-83 


August 1936.. 
Se|.)tember . . . 
October. . . . . 
November. . . 
December . . . . 
January 1937. 
February .... 

March 

April. . ...... 

May . ....... 

June 

July. . . ...... 


Total. 


August 1937. . 
September . . . 
October . . . . . 
November. . . 
December. . . . 
January 1938. 
February . . . . 

March. 

April. 

May. ....... 

]une. 

July.. 


Total. 


Total, Sept., Oct. 
'Nov... .... 

Total, Mar,, Apr., 
■ May .'.'. .... .■ 


Inches 


0.27' 

Q.OlJ 

0,97 

3-57 

2.48 
2.44 
2,81 
0.80 

1.48 
0.07 


14-95 


o.oi 

0.24] 

1.43^4.92 

3- 25] 

4 - 32 
2.S3 

2.99 

547 

1.27 

34U 

1.66 

0.82 

27.69 


1936-37 

0.16 

5-95 


1937-38 

4.92 

10.14 


granitic soil, being 40 to 85% greater than that of 1937. On the Pay- 
ette lake-bottom soils the total growth and the increased production 
over that of 1937 were greatest of all, the forage production being 
approximately three to ten times as great in 1938 as in 1937 and 
averaging five times as great. The weak response of downy chess in 
1937 and of the small bunch bluegrasses that were missed altogether 
because of having dried completely, probably caused the reported 
1937 grazing capacity to be somewhat lower than it actually was, 
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but not markedly so because the plants missed are low producers and 
thinly scattered. 

vSince forage production was widely variable in different parts of 
the area, the range lands in that part of the county below the forest 
boundaries was divided into lo districts and the forage conditions for 
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Fig. I. — Precipitation for two growing seasons of downy chess (Bromus tec- 
tomm), I gs 7 and 1938, Since this plant is a fall annual the precipitation of 
late summer and autumn affects its growth markedly. March and April are 
the critical months of spring. 

each reported separately. The figures are given as percentage addi- 
tions to the 1937 forage production that are necessary to obtain the 
forage production for 1938 for respective districts. For example, in 
, district No. I a given section of land, i.e., a square mile, having forage 
60 animal-months in 193 7 a capacity greater by 60% of 60, or 
animal-months, establishing a figure of 96 animal-months for 1938. 
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The acreages and the percentages by which the 1938 grazing 
capacity was greater than that of 193 7 as shown on the WRS map are 
' summarized by districts in Table 2. 


Table 2, — Percentages by which the igjS forage production exceeded that of 1937 
in the 10 districts of Gem County, Tdaho\ lying below the national forest 
boundaries and having the kind of soil specified. 


District 

(nonforest) 

Location* 

Thou» 
sands 
of acres 

Excess of 
1038 over 

1937. % 

i Kind of 
soilf 

I 

T. II*, 12*, N. 

35 

6 a 

Ba 

2A j 

T. 10 N. east of vSquaw Creek . . 

10 i 

150 

85 

. Or 

2B 1 

T. lo N, west of Squaw Creek . . 

II i 

Ba 

3 

T.9N. 

48 

200 

Gr 

4 

T. 8 N., E also R. i E, and 

2E*. 

16 

50 

Ba 

5 1 

T. SN. WKR. lE. alsoE If 
R. iw 

19 

40 

6 

T. 8 N. W r% R. I w., also R, 
2W* 

22 

400 

Pay 

7 

T. 7 N. W R. 1 W. : also 2 W.* 
and 3 W* 

28 

400 

Pay 

8 

T. 7 N.E J-i R. I W.;also R. i 
E.*and2E* 

27 

100 

Gr 

9 

T. 6 N. W H R. I W. ; also R. 2 
W.*and3W* 

22 

85 1 

Ba 

10 

T. 6 N., E 3f R. I W., also R. 
lE* ' ...1 

35 

150 

Gr 

Total 


273 

Av. 167-h 



Summary by Soil Type 


Soil type j 

District No. 

Percentage increase to ' 
1937 to get 1938 1 

Average percent- 
age increase 

Basaltic { 

I, 2B, 4, 5, 9 

60, 85, 50, 40, 85 ! 

64 

Granitic | 

2A, 3, 8, 10 

150,200,100 ! 


' Pavette " | 

6 , 7 

400,400 1 

400. 


i ^Signifies only parts of townships included in IP37 nmp. 

[ tBa« basaltic soils; Gr —granitic soils; Pays® Payette soils. 

^ An examination of the divergent yields in the 10 districts into 

which the county was arbitrarily divided shows that it is not possible 
to give a blanket figure for the entire area of the county, though 
TaWe 2 shows a purely calculated weighted average which from the 
table is seen to apply to not a single one of the 10 districts. The rela- 
tive amount of vegetation in 1938 as compared with that of 1937 also 
differed widely and irregularly on various soils, the 1938 forage pro- 
duction being on the average greater than that of 1937 by 64, 150, 
and 400% for the basaltic, granitic, and Payette soils, respectively. 
This comparative difference resulted largely from differences in the 
nature of the soils themselves and in the depth of soil available for 
root occupation, Payette soils being as a whole several feet deep^ 
Since extremely shallow soils with a depth of only 2 to 4 inches above 
bedrock, as on many basaltic soils, produce less forage than those 
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that are 20 to 60 inches in depth, the great variations in production 
on different areas in the same soil type are easy to explain. 

THREE TYPE AREAS 

In Table 3 and Fig. 2 are given the data for 1937 and 1938 on three 
areas, each rather typical, respectively, (i) for nearly pure stands of 
downy chess, (2) for downy chess intermixed with perennials, and 
(3) for a stand consisting largely of perennials with a little downy 
chess. 

Table Forage prodticlio?i m Gem County, Idaho, in igsf and on the same 
areas in tgsS on sites fairly represeniative of areas predominated by downy 
chess, intermixed dmimy. chess ami perennials, and largely perennials 
with same downy chess. 




1937 

1938 

Density 

Forage aci'es 
per 100 acres 

Den.sity 

Forage acre.s 
per xoo acres 

Mostly downy chess (T. 8 N., R. 
I W., Sec. 31): 

Bromus tectorum 

Poa spp. i 

Festuca arida 

0.35 

Trace 

0.1225 

Trace 

S 3-15 
0.45 
0.40 

r.1003 

0.09 

0.28 

Total ! 

0.35 

0.1225 

4.00 

1.3803 

Mixed downy chess and peren- 
nials (T. 7 N., R. 2 W,, Sec. 3): 

Bromus ieciorum. 

Poa spp 

Festuca a rida 

Erodium cicutarium 

' ■1*75 ^ 
0.50 

0.610 

c»-350 

3'50 

0.30 

0.50 

Q.15 

1 .225 

0.100 

0.210 

0,030 

Total 

'2.25', 

0.960 

445 

1-565 

Largely perennials; some downy 
die.ss (T. 11 N., R. i E,, Secs, 
IX and 12): 

Bromus tectorum . 

Perennial grasses 

Perennial weeds 

I 0.44 

0.89 

0.154 

0.573 

0,807 

0.6s 

2-55 

I-S5 

0.2275 

x.6150 

0.862 

Total. . . ....... . . ...... 

6.48 

1-534 

4-75 

2.7045 


PERENNIALS VS. ANNUALS FOR FORAGE 

The perennial vegetation, a remnant of the original cover which 
consisted largely of perennial species, is shown in Table 3 to be much 
more productive as a source of feed, yielding in total volume (2.7045 
forage acres per 100 acres) during the favorable year (1938) nearly 
double as much forage (1.3803) as did downy chess, and in the un- 
favorable year (1.534 forage acres compared with 0.1225) more than 
13 times as much. Perennial vegetation is also much more depend- 
able, producing in the definitely unfavorable year of 1937 approxi- 
mately the same amount of forage (1.534) as did the mixed perennial- 
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downy chess area (1,565) in the unusually favorable year of 1938 and 
xi% more than did the nearly pure stand of downy chess (1,3803). 
Such wide fluctuations in forage yield w^hen added to the short dura- 
tion of its availability create in the case of stands of dowmy chess 



greater difflculties than stockmen can be expected repeatedly to over- 
come. On the other hand, the area that bore mostly perennials pro- 
duced 57% as much in the unfavorable year (x.534) as in the favor- 
able one (2.7045), a reduction in forage which, though drastic, is 


I 
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much nearer to the adjustment that stockmen might be able to make 
and still preserve economic stability. 

The extreme variation in forage production from year to year and 
from one spot to another in the county points out specifically that 
where the vegetation consists largely of annual plants it is extremely 
difficult to make a grazing plan that is applicable beyond the current 
year. On the other hand, where the vegetation consists largely of 
perennial plants and of a sort good for forage, the data here presented 
show that the yields to be expected in unfavorable years are much 
higher and the variations from spot to spot and from year to year are 
very greatly reduced on a percentage basis. The difference in foi‘age 
production by perennials between a season with a low precipitation 
and another season with a precipitation more favorable is great but 
does not even approximate the relative magnitude of differences 
shown during the same years and on. similar sites by annual plarits. 
Moreover, these grass annuals require moisture during a short period 
of a few weeks in the fall when they begin growth and again in the 
spring when they must grow rapidly if they are to make a good vol- 
ume of forage during the season. Precipitation which comes after 
this period has passed is almost entirely lacking in effectiveness for 
annuals, whereas with perennials, many of which can grow when- 
ever moisture is available, late moisture, though less effective than 
early, is still of considerable value. In 1937 moisture was very scarce 
or almost lacking during the period when downy chess makes its 
vegetative growth. Because of this, the survey of 1937 shows an ex- 
tremely low production, and that of 1938 when the moisture was 
favorable both in amount and distribution, shows the large increases 
already described. 

DATA FROM BOISE NATIONAL FOREST 

Data that are highly corroborative of the conclusions in Gem 
County are presented in Table 4 and Fig. 3 in which are given the 
number of plants and the density of cover for a tract of similar range 
on the Arrowrock addition of the Boise National Forest in Idaho, 
about 60 miles southeast of Gem County. Dense stands of downy 

Table 4. — Number of plants and density of cover of downy chess in IQ 30 of IQ 31 
and in ig^d or /pj/ as indicated, Arrowrock addition of Boise National 

Forest. , , ■ 


1930 or 1931 


1936 or 1937 


Density 


Density 



CowCreek*. .. 1,32^ 

Annwrock 

Plot No. if 2,35( 
PiotNo. lof i,ioj 

*Data for 1931 and i937. 
tData for 1930 and 1936. 
iData for 1931 and 193d. 


Density 
1931X1936 
or 1937 


More than 
200 X 
200 X 


^ , ' # 
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ones. In 1938 the downy ehess was just beginning to recover from the 
smut epidemic, which constitutes still another means of making forage 
production uncertain and thereby increasing the difficulty of making 
the required adjustments in livestock numbers on ranges producing 
principally downy chess. 

Though actual figures for other localities are not^ available to 
establish the intensity of fluctuations in forage production from year 
to year, the variations throughout the Intermountain region are of 
about the same magnitude as those shown in Gem County. For 
example, in western Utah, during the extremely unfavorable year of 
X934, the forage production of Russian thistle, where this was the 
predominating species, was only 12% of normal, whereas in 1936 it 
was nearly 15 times as great, or approximately 180% of normal, so 
far as normal could be established from the incomplete data availal 3 le. 

SUMMARY 

Downy chess {Bromus tectorum), beginning abcrtit 1900, spread over 
the Intermountain region, occupying bare and nearly bare areas 
where the natural plant cover had either been broken or was greatly 
deteriorated. This plant normally begins growth in autumn when it 
forms winter tufts from which seed stalks grow rapidly as soon as 
warm weather comes the following spring. If dry fall weather delays 
germination till spring, the volume of growth is much smaller. When 
a dry fall is succeeded by a cold spring, or by a dry one, vegetative 
growth is extremely dwarfed, as occurred in 1937 in Gem County, 
Idaho. When moisture is abundant in both fall and spring, growth is 
vigorous as in 1938. 

Downy chess is an important range plant especially on spring 
ranges because it is widespread and frequently occurs almost to the 
exclusion of perennial plants. Its high inflammability when dry makes 
the occurrence of grass fires frequent and these tend to eliminate most 
of the perennial plants that are still left, but does not injure downy 
chess. This plant is soft and fresh only during 4 to 6 weeks of spring 
and much less palatable for cattle and sheep during the remainder of 
the year, though new fall growth is readily eaten. The old stems are 
also consumed to some extent in fall and winter when they are soaked 
by wet snow or prolonged rains. Horses can use at least part of the 
dry stems and seeds in summer. 

In Gem County the 1938 forage production on areas of several 
thousand acres was from 40 to 400% greater than in 1937. Production 
also varied widely from one area to another, both on different soil 
types and within the same soil type, probably owing largely to varia- 
tions in .soil depth and soil moisture. 

Forage production on small plats bearing nearly pure stands of 
downy cheSvS was 5 to 12 times as great in 1938 as on the same plats in 
1937. Forage production from mixed stands of perennial plants and 
downy chess varied much less, and that from nearly straight stands 
of perennials still less. Remnant stands of perennial forages in moist 
years yielded approximately twice as much forage as did downy chess, 
and in years with a dry fall and a dry spring (1937) about 12 times as 
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much. A smut epidemic on dowii}^ chess also reduced its production 
on the Arrowrock addition to the Boise Forest almost to nothing for 
the 3 years of 1936-38. 

These acute shortages in the yield of downy chess, which may come 
almost without warning, introduce such a large element of uncertainty 
into the feed supply program of stockmen that it is extremely haza,rd- 
ous for them to use this plant as a basis on which to establish peren- 
nial giming operations. 
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SURFACE STERILIZATION OF NODULES WITH 
CALCIUM HYPOCHLORITE^ 

J. K. Wilson AND T. PuNYASiNGHA^ 

N odules on the roots of leguminous plants growing in the soil 
are exposed to the organisms therein. Decomposing ^ organic 
matter, as well as that which may come from the nodule into the 
surrounding soil solution, provides a favorable environment for the 
development of the native flora. The intimate contact of the nodule 
with the soil solution in which the organisms develop makes it pos- 
sible for the comparatively rough surface of the nodule to become 
impregnated with whatever organisms may be present. From de- 
scriptions 'of the manner in which the root nodule bacteria enter the 
root hairs and from the histological appearance of the nodule, as well 
as from its method of development, one might consider that the cells 
of healthy looking nodules which are below the cortax, and filled with 
bacteria, may be free from organisms other than the Rhizobium. A 
few authors have reported, however, that the Rhizobium is seldom a 
pure growth within the cells of the nodule, and one .lets the impres- 
sion from such reports that certain extraneous organisms are com- 
monly found in the nodules along with the Rhizobium. A summary of 
such reports and finding is found in the studies of Fred, et al,^ In con- 
cluding their remarks, they state that it is highly probable that faulty 
technic may account for some of the contaminants reported. 

Various methods have been employed to remove the undesirable 
organisms from the surface of the nodules in order to obtain a pure 
culture of the organism from within the nodule. Some workers ap- 
parently prefer a certain method and obtain satisfactory results, while 
other workers experience difficulty with the method. The method 
proposed at this time has been followed since 1915.^ It possesses un- 
usual flexibility and efficiency, and by its use information was ob- 
tained concerning the occurrence of extraneous orgasms within the 
nodule. 

PROCEDURE 

A germicide is probably of most service when it destroys the organisms on the 
surface of the nodules and does not penetrate in a reasonable period of time to the 
cells filled with the Rhizobium. It is still better if it soon loses its sterilizing power 
and leaves no toxic residue when only traces are left on the outer covering of the 
nodule. A germicide possessing these qualities is found in a solution of calcium 
hypochlorite. 

Preparation of sterilizing solution , — The sterilizing agent is easily prepared, 
about 10 grams of fresh, dry, ordinary commercial chlorinated lime is triturated 
with 350 ml of water and filtered. This solution of calcium hypochlorite contains 

^Contribution from the Department of Agronomy, Cornell University, Ithaca, 
N. Y. Received for publication August 31, 1939. 

^Professor of Agronomy and Graduate Student, respectively. 

®Fred, E, B., Baldwin, I. L. and. McCoy, Elizabeth. Root nodule bacteria 
and leguminous plants. Univ, Wxs. Sci. Studies, 5:i“'343. 1932. 

'^Wilson, J. K. Calcium hypochlorite as a seed sterilizer. Amer, Jour. Bot., 
2:420-427. 1915. 
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about 5,000 ppm of active chlorine, a concentration that appears to be satisfac- 
tory for this kind of work. It can be stored, fairly well in dark bottles under 
mineral oil. 

Nodular material,-— R^oXtlxy appearing plants are taken from the field and the 
roots washed in running water to remove most of the fidhering particles of soil. 
The nodules may be removed forceps, then placed in the solution of calcium : 
hypochlorite where they remain for the desired time. Since the sterilizing agent 
soon disappears in the presence of organic matter, several hundred times as niiich 
solution of calcium hypochlorite as nodular material was used. This prevented a 
drastic reduction in the strength of the, sterilizing agent. Any convenient eontainer 
will serve as the sterilizing chamber. 

Handling nodules and isolations,— AitQx a nodule remain.s in the germicide for 
the desired time it is removed, to sterile water for 4 or 5 minutes and then into 
sterile water in a petri dish. It is then crushed to liberate some of the organisms 
from the cells and handled, in the usual manner for making isolations. The nodules 
can be transferred from the sterilizing solution to the surface of agar in test tubes 
and either left until the organism appears on the agar or until needed for crushing 
in the petri dish. By this p>rocedure it is certain that active chlorine has di.s- 
appeared. Undesirable organisms, if not destroyed, will usually show in the test 
tube, after a period of incubation. The medium employed contained peptone, 
salts, and saccharose. Such a medium appeared equall}^ suitable for tlie rhizobla 
and for other organisms. 

Observations were made of the platings for the rhizobia and for other organ- 
isms at intervals of 3 to 6 days, many stained preparations having been examined. 
In order to make certain that at least some of the colonies which appeared were 
the rhizobia, parts of many colonies were transferred to slopes and, subsequently, 
tested for their ability to effect nodulation. The method emi)loyed was that de- 
scribed by Wilson.^ 

RESULTS 

A method that can be recommended with confidence, to destroy 
organisms on the surface of nodules when one wishes to obtain the 
rhizobia that is within the nodule should be applicable to material 
from many species. The method described above has been followed 
to destroy the organisms on the surface of nodules from more than 6o 
species of plants. More than loo individual nodules have been em- 
ployed from one species. In Table i is given information relative to 
the time nodules from four species should be immersed in the solution 
of calcium hypochlorite in order to obtain plates on which nearly all 
the colonies resemble those of the rhizobia. It is realized that the 
immersion can be longer for large nodules of certain species than for 
small nodules of others. This is important because the sterilizing 
agent should not be permitted to penetrate throughout the nodule. 
At the same time, the longer the action of the hypochlorite solution 
continues the greater is the chance of destroying the organisms on the 
surface or near the suiiace of the nodule. 

Nodules of Dalea alopecMToides Willd. were immensed for 20 min- 
utes. In the first plate where the nodule was crushed colonies resem- 

WiLSON, J. K. Leguminous plants and their associated organisms. Cornell 
Uiiiv. Agr. Exp. Sta. Mem. 221. 1939. 
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bling Rhizobiiim were found in four of the five cases. In the fifth case 
a mold appeared. In the second dilution only colonies resembling 
Rhizobium were seen on the five plates. Nodules of Dalea treated for 
30 minutes gave similar results. When immersed for 40 minutes they 
gave many plates on which colonies resembling Rhizobium only were 
seen. Usually when two dilutions were made too many colonies were 
present in the plates. Occasionally, however, colonies of bacteria 
were observed which did not resemble those of the rhizobia. There 
was no uniformity in such occurrences. Sometimes they were on the 
plate in which the nodule was crushed, sometimes on the plate of the 
second dilution, and always appeared as surface colonies. Parts of 
eight colonies from nodules of Dalea immersed for 20 minutes, parts 
of four immersed for 30 minutes, and parts of two immersed for 40 
minutes were transferred to slopes and without further examination 
for purity tested for their ability to effect symbiosis. These 14 trans- 
fers, each representing a nodule, were apparently pure cultures of 
rhizobia. 


Table i. — Time of immersion of nodules for sterilization of surface and for 
obtaining growth of the Rhizobium on plates. 


Nodules from 

Immersion time in ininutes, probable 
success 

Poor 

Good ! 

Injury 

Dalea alopeciir aides , . . 

Glycine max. 

Melilotus alba. 

T rifolium repeits . ................ I 

10-15 

15-20 

sj-IO 

5 “m 

20- 45 
40-120 
15- 40 
15- 60 

60 or longer 

Longer than 120 

40 or longer 

Longer than 60 


Somewhat similar results were obtained when nodules of Glycine 
max (lj,) yLert., Melitotu^ Desr., and TrifoUum repens L. were 
immersed in the calcium hypochlorite solution, washed, crushed, and 
plated. Also there were 12 transfers, each representing a nodule of 
Melilotus alba. All but one effected symbiosis and this one was from a 
nodule immersed for 20 minutes. In addition, 22 transfers, each repre- 
senting a nodule of T. repens were made. Of these seven were of nod- 
ules immersed for 10 minutes and five each of nodttles immersed for 
20, 30, and 40 minutes. Only two failed to effect symbiovsis. One was 
from the io~minute immersion and the other from the 20-minute 
immersion. 

DISCUSSION AND CONCLUSION 

A method for treating nodules of leguminous plants to destroy un- 
desirable organisms on their surface has been presented. At the same 
time this treatment leaves the cells in the center of the nodules full 
of viable bacteria from which pure cultures of Rhizobium may be 
obtained, Ti*aces of the hypochlorite solution adhering to the nodule 
when it is removed from the solution soon disappear and leave no 
toxic residue. The agent is cheap, efficient, convenient, possesses work- 
ing latitude, and is easily prepared. When it is used a high percentage 
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of the colonies on the plates resemble those of Rhizobium. In many 
instances this is the only type of colony. When colonies develop that 
were easily identified as not Rhizobium they sometimes were in the 
petri dish where the nodule was crushed to literate the legume or- 
ganisms and at other times in the second or third dilution. Their 
occurrence seemed to bear no relation to dilution or to the fragments 
of nodular tissue. 

From the data presented it appears that the interiors of a vast 
majority of well-developed, clean, healthy-appearing nodules contain 
only the legume bacteria and that perhaps most organisms reported 
as contaminants within the nodule are the result of ineffective .sterili- 
zation of the surface of the nodule. Organisms other than the Rhizo- 
bium that appeared on the platings of nodules after treatment and 
crushing developed mostly from material instifficiently exposed to the 
sterilizing agent. Nodules treated for sufficient time to permit con- 
siderable bleaching nearly always gave, on plating, colonies resem- 
bling those of Rhizobium. Transfers of such colonies when tested on 
seedlings usually effected symbiosis. 
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THE EFFECT OF CALCIUM ARSENATE UPON THE 
PRODUCTIVITY OF SEVERAL IMPORTANT 
SOILS OF THE COTTON BELT^ 

Clarence Dorman, Frederick H. Tucker, 

AND Russell Coleman^ 

I NVESTIGATIONS have indicated that accumulated arsenic in 
certain, soil types has reduced their productivity. Morris and 
Swingle (6)*^ believed that the incorporation of arsenical compounds 
in the soil is dangerous practice and may cause considerable injuiy 
as the concentration of arsenic increases. Large amounts of arsenic 
have been found in some virgin soils but greater quantities occur in 
cultivated soils whose crops have been treated with arsenates for 
insect control. Many southern soils whose cotton crop is often dusted 
with calcium arsenate for boll wee\dl receive considerable quantities 
of arsenic; therefore, it is of economic importance to determine its 
effect upon the soil and its possibility of becoming a serious problem 
to agriculture. 

Earlier workers have found that the effect of arsenic depends upon 
the nature of both soil type and crop. In South Carolina, Cooper, 
et aL (3) have shown that cotton grows normally on some soil types 
which have received 2,000 pounds of calcium arsenate, but its growth 
is greatly reduced on other soil types which have received only 50 
pounds per acre. They have also reported that different crops vary in 
response. Rye, corn, sweet potatoes, and tobacco were very tolerant, 
but cowpeas, vetch, soybeans, cotton, and oats were very sensitive 
to arsenate applications. In Louisiana, Reed and Sturgis (7) found 
that cotton treated with calcium arsenate was not affected, but that 
rice following it was seriously injured. 

Investigations have already revealed many interesting facts about 
the effect of calcium arsenate upon some soils, but more information 
is needed to determine the influence of arsenic on other soils of the 
cotton belt. 

The purpose of this study was to investigate the effect of calcium 
arsenate upon the productivity of several important soils of the cotton 
belt and : to determine its probable influence upon the future soil 
status. 

^Contribution from the Agronomy Department, Mississippi Agricultural Experi- 
ment Station, and the Division of Cotton Insect Investigations, Bureau of Ento- 
mology aivl Plant Quarantine, U. S. Dept, of Agriculture. Paper No. 14, New 
vSeries^ March 23, 1939. Received for publication vSeptember ir, 1939. 

^Director and agronomist, Mississippi Agricultural Experiment Station, 
Assistant Chemist, Bureau of Entomology and Plant Quarantine, U. S. Dept, of 
Agricutlure and Assistant in Soils, Mississippi Agricultural Experiment Station, 
respectively. F. H. Tucker (deceased) did the analytical work and H. C. Young 
and R. L, McGarr of the Bureau of Entomology and Plant Quarantine assisted 
in the field concrete plot work. 

^Figures in parenthesis refer to * 'Literature Cited”, p. 1028. 
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EXPERIMENTAL 

SOILS 

Seven important soil types, representing a large area of tlie eotton belt, were 
used in this study. The seven soils chosen were Cahaba fine sandy loam, Houston 
clay loam, Memphis silt loam, Norfolk sandy loam, Riiston fine sandy loam, 
Orangeburg fine sandy loam, and Sarpy fine sandy loam. 

Cahaba fine sandy loam is a soil of the stream terraces in the Atlantic aiKl Gulf 
Coastal Plain. The surface soil is gray, loose, friable, sandy loam; the subsoil is 
friable, reddish, sandy clay. 

Houston clay loam is a well-drained soil of the Blackland Prairies occurring 
chiefiy in Texas, Mississippi, and Alabama. The surface soil is black or nearly 
black clay loam; the subsoil is generally grayish-yellow or yellow clay; the sub- 
stratum consists of marl or chalk. 

Memphis silt loam is a well-drained soil developed from loess occurring on the 
bluffs on both sides of the Mississippi River southward from the vicinity of 8t. 
Louis almost to the Gulf of Mexico. 

Norfolk sandy loam is a soil of the Atlantic and Gulf Coastal Plain of wide 
distribution and great agricultural importance. The surface soil is gray or light 
gray sandy loam; the subsoil consists of yellow, friable, sandy clay. 

Orangeburg fine sandy loam occurs in the Atlantic and Gulf Coastal Plain in 
association with the Norfolk and Ruston soils. The surface soil is generally grayish- 
brown fine sandy loam; the subsoil is red, friable, sandy clay; and the substratum 
material is loose sand or fine sand. 

Ruston fine sandy loam is a well-drained soil of the Atlantic and Gulf Coastal 
Plain with a surface soil of grayish-brown fine sand underlain by reddish-brown 
friable sandy clay subsoils with substratum of unconsolidated coastal plain ma- 
terials. It is one of the most widely distributed soils of the coastal plain region. 
It has been leached of its bases and is generally medium or strongly acid through- 
out. 

Sarpy fine sandy loam occurs in the first bottoms of the Mississippi River. It 
is a generally fertile soil composed of recent alluvium and ranks with the best 
cotton soils of the Mississippi delta region. 

The seven soils vary greatty in texture, structure, reaction, and organic matter 
and should be representative of the most important soils in the eastern section of 
the cotton belt. Thirty inches of each soil type were removed in their relative 
position to seven 3x i6 feet concrete plots, where each received different treat* 
ments of calcium arsenate. 

TREATMENTS 

Each soil type, located in seven different concrete plots, was given the follow- 
ing treatments: 0, 50, 100, 206, 400, 800, and 1,600 pounds of calcium arsenate 
per acre which was broadcast on the soil and mixed to a depth of 4 or- 5 inches with 
shovels and hoes. Applications of calcium arsenate were made in the spring of 
1935, a few days before the summer crops of cotton, corn, and soybeans were 
planted. Eight hundred pounds per acre of 4~8”4 fertilizer was applied to all 
plots each year. Each plot was replicated three times. 

PROCEDURE 

Germination and seedling counts were made upon cotton, corn, and soybeans. 
Then in the fall hairy vetch, Austrian peas, and oats, three important winter 
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cover crops, were planted on the seven plots of each soil type. Yields of all winter 
crops were obtained in 1935 and 1936 in order to measure the effect of thearseni- 
cals on production. About 10 soil samples were taken from the top soil of each plot 
and after these were mixed into one composite sample, chemical and mechanical 
analyses and pH determinations were made. 

RESULTS AND DISCUSSION 

EFFECT OF CALCIUM ARSENATE UPON GERMINATION 
AND SEEDLINGS 

An examination of Table i shows that neither germination nor 
seedlings of cotton on any soil type were affected by the 50-, 100-, or 
2oo-pound arsenate application, and only the seedlings on Norfolk 
and Cahaba sandy loams were affected by the 400-pound treatment. 
When 8oo-pound applications were made, both germination and 
seedlings were greatly injured upon most of the soils, and when 1,600 
pounds of ai'senate were applied germination and viability were 
greatly reduced on all soil types except Houston clay loam. The living 
seedlings on Cahaba sandy loam were reduced from 77% to 5% by 
the 1,600-pound treatment. Although germination seems to be ar- 
rested by the heavier arsenate applications, the greatest toxicity 
occurs in the seedling stage, and the extent of this effect depends upon 
the nature of the soil. 

The results with corn show that germination was not affected by 
calcium arsenate on any soil type and the seedlings were not affected 
by the lighter applications; however they were injured by the 800- 
pound and 1,600-pound applications, especially on the sandy soils. 
The viability of seedlings on Cahaba sandy loam was reduced from 
90% to 10% by the 1,600-pound application. 

Germination studies with soybeans show that its seed were only 
sensitive to heavy applications of calcium arsenate. The 800- and 
1,600-pound applications reduced the percentage of germination in 
almost every soil, the germination of seed planted on Cahaba soil 
being reduced from 68% to 5%. 

The effect of calcium arsenate upon germination and seedlings de- 
pends upon the nature of the plant as well as the soil. Neither germi- 
nation nor seedlings of any plant were affected by the 50-, 100-, or 
20o-pound application, the larger of these applications being more 
calcium arsenate than most soils receive over a period of several years. 
The germination of cotton and soybean seed was greatly injured by 
the heavy arsenate treatments, but the germination of corn seed was 
not affected by any calcium arsenate treatment. The viability of 
cotton and com. seedlings was greatly reduced by the heavy arsenate 
applications; however, the injury varied with soil type. The seedlings 
on light, sandy soils were injured much more than those on heavy, 
clay soils. These results suggest that the hamiful effect of calcium 
^senate upon crops grown on light, sandy soils is because of the 
injury received in the seedling stage. Since plants are usually treated 
with calcium arsenate after their seedling stage, the possibility of 
injury at this stage is eliminated. 
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Table i. Effect of calcium arsenate upon germinaiion and seedlings. 


Soil type 


Germination 

or 

seedlings 


Percentages with applications of 
calcium arsenate in pounds 
per acre of 


50 


100 


200 


400 


800 


1 ,600 


Effect upon Cotton* 


Ruston fine sandy loam , . . , 
Caliaba fine sandy loam. . . . 
Norfolk sandy loam 
Orangeburg fine sandy loam| 
Memphis silt loam .... 
Houston clay loam .... 


Germination 

Seedlings 

78 

72 

74 

69 

75 

70 

8r 

72 

71 

62 

5b 
35 ■ 

Germination 

78 

80 

65 

83 

67 

53 

61 

Seedlings 

77 

75 

61 

80 

.34 

Germination 

66 

78 

65 

65 

56 

5D 

Seedlings 

55 

71 

54 

55 

25 

12 ■ 

Germination 

75 

69 

68 

66 

68 

64 

vSeedlings 

71 

66 

59 

58 

62 

57 

Germination 

75 

77 ’ 

76 

80 1 

68 

77' 

Seedlings 

70 

71 

72 

75 

62 

67 

vSeedlings i 

46 1 

55' 

51 

56 

46 

50 


Ruston fine sandy loam. . . . 
Caliaba fine sandy loam . . . , 

Norfolk sandy loam 

Orangeburg fine sandy loam| 
Memphis silt loam ... . 
Houston clay loam .... 


Effect upon 
Germination 

Com 

87 

87 

93 

93 

93 

97 

Seedlings 

87 

87 

93 

93 

83 

73 

Germination 

90 

97 

90 

83 

97 

90 

Seedlings 

90 

93 

90 

73 

73 

53 

Germination 

97 

90 

87 

87 

93 

90 

Seedlings 

97 

S3 

87 

83 

87 

77 ' 

60 

Germination 

100 

100 

90 

87 ' 

' 87 ^ 

Seedlings 

97 

87 

100 

90 

83 

70 

Germination ^ 

93 

93 

83 

93 

77 

100 

Seedlings 

90 

93 

83 

90 

73 

93 

Seedlings 

93 1 

87 

87 

87 

93 

50 


53 

25 

44 

5 

18 

4 

51 

39 

52 
33 
56 


90 

53 

97 

10 

93 

40 

83 

63 

97 

87 

77 


Effect upon Soybeansf 


Ruston fine sandy loam .... 

Germination 

! 72 I 

68 

69 

60 

49 

i 27 1 

16 

Caliaba fine sandv loam. . . . 

Germination 

68'! 

85 

87 

65 

40 

1 n ! 

5"' 

Norfolk sandy loam. ...... 

Germination 

73 i 

68 

73 

71 

67 

5b 

37 

Orangeburg fine sandy loam 

Germination 

60 1 

33 

39 j 

4J 

40 

39 1 

41 

Memphis silt loam 

Germination 

77 

67 

69 ; 

64 

73 , 

27 

33 

Houston clay loam ...... . . 

Germination 

73 

'72 : 

71 

72 

73 ' 

72 

60 


^Results are not reported on Sarpy fine sandy loam because seed on this soil were replanted. 
Only seedling counts were made on Houston clay loam, 
f Seedling counts were not made on soybeans. 

EFFECT OF CALCIUM ARSENATE UPON THE YIELD OF OATS, 
AUSTRIAN PEAS, AND VETCH 

The data in Table 2 show that the yield of oats was not affected 
by the 50-, 100-, or 200-pound treatments, but that it was greatly 
reduced by the heavy applications of calcium arsenate. In 1935, soon 
after the arsenate was applied, yields on all soil types were affected 
by the 400-, 800-, and 1,600-pound applications, and there were 13 
crop failures on these plots. In 1936, the yields on most soil types were 
still affected, but not nearly as much as in 1935. There was only one 
crop failure in the heavily treated plots. Oats grown on the sandy 
soils, Norfolk, Cahaba, Orangeburg, and Ruston, was more easily 
affected than that grown on Houston clay loam. However, both sandy 
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and clay soils were able to recuperate quickly from the toxic effect of 
calcium arsenate. In 1935, the 400-pound treatment reduced the 


Table 2 * — Effect of calcium arsenate upon the yield of cover crops. 


. j 

Soil type 

Year 

plant- 

ed 

Application of calcium arsenate in pounds 
per acre 

0 

50 

100 

200 

400 

800 

1,600 


Yield of Oats, Lbs. Green Weight per 

Acre* 


Ruston fine sandy Ioann 

1935 

14.50 

i,i8oj 

2,360 

816 

363 

0 

0 


I 93 fj 

2,720; 

1,542 

2,178 

2,540 

2,360 

1,905 

1,360 

Cahaba line sandy loam 

1935 

3,660 

2,450 

2,630 

.1,630 

0 

0 

0 


19.36 ! 

1.724 

2,902 

1,542 

1,088 

998 

454 

0 

Norfolk sandy loam . . . 

1935 

2,990: 

3,900 

2,270 

454 

181 

0 

0 


I 93 tv 

2 , 430 : 

2,810; 

.1,815 

2,360 

2,270 

— 

6.35 

Orangeburg fine sandy 









loam. 

1935 

3.075; 

2,9901 

1,630 

273 

91 

0 

0 


1936 

2 , 720 ] 

2,540 

1,905 

3.265 

2,270 

2,450 

998 

Houston clay loam .... 

1935 

2,363: 

2,182 

2,720 

2,900 

1.453, 

x, 8 i 5 

0 


1936 

9081 

998I 

1,360 

1,540 

1,180 

1,450 

1,360 

Sarpy fine sandy loam . . 

1935 

454 ! 

5401 

726 

454 

0 

0 

0 


193b 

818I 

i,i8oi 

1,180 

908 

546 

546 

272 


Yield of Austrian Peas, Lbs. Green Weight per Acre 


Ruston fine sandy loam 

X 935 

6,710 

9,150 

7,260 

4,350 

3,270 

1,360 

I8I 


1936 

4,355 

2,270 

2,810 

4,900 

5,080 

3,538 

2,270 

Cahaba fine sandy loam 

1935 

10,800 

6,710 

3,260 

6,160 

3,180 

0 

0 


1936 

3,900 

4,720' 

3,630 

4,080 

3,900 

1,815 

0 

Norfolk sandy loam ... 

X 935 : 

4,810 

6,260 

5,340 

3,5401 

1,450 

816 

0 


1936 

5 i 355 

3,630 

6,540 

6,900 

3,810 

i,8iS 

1,179 

Orangeburg fine sandy 









loam 

1935 

8,180 

7,980! 

10,4001 

8,890 

12,250! 

3,Sio 

2,720 

Memphis silt loam . ... 

1936 

3,540 

4,355 

2,9021 

3,082 

2,270 

2,902 

1,230 

1935 

2,450 

2,360 

2,540 

2,990 

4,450 

3,450 

1,450 


19,36 

4,353 

3,448! 

2,724 

2,540 

2,Q92 

2,720 

2,086 

Houston clay loam. . . . 

X 935 1 

7,080 

9,255 

10,165 

8,510 

8,510 

8,620 

3,900 


1936 1 

1,90s 

2,810 

2,36oj 

3,900 

4,080 

2,360 

2,178 

Sarpy fine sandy loam . . 

1935 1 

10,708 

12,600 

10,600 

8,440 

3,260 

908 

0 


1936 ! 

8,620 

10, 1 60 

8,345! 

12,9751 

2,630 

3,084 

635 


Yield of Hairy Vetch, Lbs. Green Weight per Acre 

Ruston fine sandy loam; 

1935 

1 3.810: 

5-540 

5,460: 

3,900 

2,540 

1,725 

0 

Cahaba fine sandy loamj 

1936 

1 . 47355 ' 

3,990 

4,540 

4,990 

3,900 

2,810 

635 

1935 

4,075 

3,450 

3, 0801 

2,720 

1,900 

1,810 

0 

Norfolk sandy loam . . , ! 

1936 

2,270 

3,080 

L 905 i 

3,540 

2,810 

1,815 

0 

1935 

6,800 

i 7,520 

9.530 

2,260 

544 

0! 

0 

Orangeburg fine sandy 

19,36 

2,630 

3,450 

2,540 

■ 3,355 

2,410 

1 1,088 

0 

loam. ” 

1935 

5,440 

8,340 

10,400 

6,160 

i 8,620 

i 5,800, 

1,815 

Memphis silt loam. . . , 

1936 

4,355 

2,720 

2,720 

4,355 

3.448 

5.172 

1,270 

1935 

2,720 

2,540 

2,720 

1,810 

3,260 

1.540! 

454 

Houston clay loam .... 

1936 

4,355 

4,080 

2,092 

4,170 

3,720 

2,720 

1,815 

1935 

6,540 

10,400 

9,255 

8.350 

4,710 

1 5,620 

1 908 

Sarpy fine sandy loam. . 

1936 

L 995 

2,080 

2,810 

2,360 

2,088 

2,720 

1 1,088 

1935 

7,260 

8,340 

9,800 

9,350 

2,720 

1,450 

:0- 


1936 

3,265 

5,355 

4,170 

2,270 

5,355 

2,300 

1 908 


’•'Results are not given for Memphis silt loam because cattle damaged the crop in lp3S. 
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yield of oats on Norfolk sandy loam from 2,990 to 181 pounds per 
acre; whereas, in 1936, it only reduced the yield from 2,430 to 2,270 
pounds of green weight per acre. These data show that the toxic 
effect of arsenic is much greater immediately after the heavier appli- 
cations are made and indicate that large amounts of soluble arsenic 
are lost, either by leaching or fixation, after a yean 

The yield of Austrian peas was also reduced by the heavier arsenate 
treatments, but not as much as the yield of oats. In 1935, the Aus- 
trian peas on Ruston and Norfolk were injured by the 200-pound 
applications and those on Cahaba and Sarpy by the 400-pound appli- 
cation, but the yields on Orangeburg, Memphis, and Houston were 
not affected until 800- and 1,600-pound treatments were made. In 
1936 hardly any yields w^ere affected by arsenates, except on the 800- 
and 1,600-pound treated plots. These data also show that much of 
the toxic effect is lost one year after the arsenate was applied. 

The yield of hairy vetch was also affected by the heavy treatments 
of calcium arsenate and the effect was very similar to that obtained 
with Austrian peas. In 1935, only the vetch on Norfolk and Cahaba 
sandy loams was affected by the 200-pound treatments, but yields on 
all other soils were affected by either the 400- , 800-, or 1,600-pound 
treatments. However, in 1936, the harmful effect was much less in 
every case. Even vetch on Norfolk and Cahaba soil was not affected 
except on the 400-, 800-, and 1,600-pound treated plots. 

The data above indicate that both soil and crop determine the 
effect of applied arsenic. Of the cover crops studied, oats seems to be 
much more sensitive to arsenic than hairy vetch or Austrian peas. 
The light sandy soils, Ruston, Norfolk, Cahaba, and Sarpy, were more 
affected than the heavier Houston and Memphis soils. In most cases 
400 pounds or more calcium arsenate were required to reduce ma- 
terially the yield of oats, vetch, or peas. Although the yields on some 
soils were reduced by 200 and 400 pounds of arsenate in 1935, only 
those on the 800- and 1,600-pound plots were seriously affected in 
1936. Both sandy and clay soils were able to dispose of large amounts 
of toxic arsenic over a period of one year. This indicates that even the 
most liberal applieation of calcium arsenate to cotton for insect con- 
trol on the soils studied will not be great enough to affect a following 
crop of hairy vetch, oats, or Austrian peas* 

EFFECT OF TIME UPON THE TOXICITY OF CALCIUM 
ARSENATE IN THE SOIL 

Soil samples were taken from each plot soon after the ^ calcium 
arsenate was applied in 1935 and similar samples were^obtained one 
year later. Both were analyzed for water-soluble arsenic and the re- 
sults are reported in Table 3. These data show that there was no 
great increase in the amount of water-soluble arsenic until 400 pounds 
of calcium arsenate per acre had been applied. Analyses from the 
400-pound treated plots indicate that arsenic accumulates much faster 
in sandy than in clay soils, showing 40 ppm in Cahaba sandy loam, 
60 ppm in Ruston and Orangeburg fine sandy loams, and only 9 ppm 
in Houston clay loam. These data suggest that the properties of 
Houston clay loam fix the arsenic into an insoluble state, whereas 
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those of Cahaba are unable to fix as much arsenic. One year later 
analyses from the same plots show that water-soluble arsenic in 
Cahaba sandy loam has been reduced from 40 to 1 6 ppm, while that 
in Houston clay loam has only been reduced from 9 to 8 ppm. The 
results show that great quantities of arsenic were lost from the sandy 
Cahaba with time, but very little was lost from the clay soil because 
it was probably held in an insoluble state. Analyses in 1935 from the 
8oo-pound and. 1,600-pound treated plots showed that great quan- 
tities of arsenic had accumulated in every soil. Even the water- 
soluble arsenic in Houston clay loam had increased to 200 ppm when 
800 pounds of calcium arsenate were applied. The fixing capacity of 
the soil was probably saturated at some point between 400 and 800 
pounds per acre, after which the rest of the applied arsenic remained 
water soluble. 


Table ^.-"-Farts per million of water-soluble arsenic in soils in igss and XQ36. 


Soil type 

Year 

Application of calcium arsenate in pounds 
per acre 

■ 

■0 

50 

100 

200 

400 

i 

800 

1,600 

Ruston fine sandy loam ..... 

1935 

' 2 

5 

9 

8 

60 

190 

450 


1936 

Trace 

2 

2 

4 

8 

14 

250 

Cahaba fine sandy loam. .... 

1935 

Trace 

4 

4 .■! 

II 

40 

120 

300 


1936 

Trace 

2 

^ \ 

4 

16 

80 

87 

Norfolk sandy loam . ....... 

1935 

Trace 

2 

2 j 

14 

30 

80 

400 


1936 

Trace 

Trace 

2 

6 

16 

24 

60 

Orangeburg fine sandy loam . 

1935 

Trace 

I 

Trace 

2 

60 

120 

300 


1936 ^ 

Trace 

Trace 

Trace 

2 

4 

30 

150 

Memphis silt loam 

1935 

Trace 

' 2 

2 

4 

n 

120 

300 


1936 

Trace 

Trace 

2 

I 

5 

28 

175 

Houston day loam. 

1935 

Trace 

2 

4 

7 

9 

200 

270 


1936 

Trace 

2 

4 

4 

8 

80 ' 

100 

Sarpy fine sandy loam. 

1935 

I 

8 

12 

30 ! 

100 

275 1 

500 


1 1936 

Trace 

4 

4 

5 

40 

80 

100 


In every case the water-soluble arsenic was much less in 1936 than 
in 1935 and only in the 800- and 1,600-pound plots was there enough 
arsenic remaining to cause serious injury to plants. These data sub- 
stantiate those obtained with crop yields, which show that only those 
grown on the 800- and 1,600-pound treated plots were greatly affected 
in 1936.. ■ 

The above results prove conclusively that great quantities of water- 
soluble arsenic are lost from the soil either by leaching or fixation. 
More of the applied arsenic accumulated immediately in the light 
than in the heavy textured soils, but more was also lost from the light 
soil during one year's time. This indicates that the arsenic applied to 
clay soils is lost immmediately, but that that applied to sandy soils 
is lost gradually. Since harmful quantities of arsenic did not accumu- 
late until 400 pounds of calcium arsenate had been applied, and since 
most of this was lost in one year, it is doubtful that the present rate 
of dusting cotton will ever cause enough accumulation to be injurious 
to crops. 
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EFFECT OF PROPERTIES OP THE SOIL UPON ITS RESPONSE 
TO CALCIUM ARSENATE 

In order to determine some reason for different effects of calcium 
arsenate upon various soils, chemical and meclianical analyses of 
each soil were made before calcium arsenate was applied. Determi- 
nations of total CaO, Pe203, AI2O3, MgO, P2O5, SiOs, and clay con- 
tent are shown in Table 4. Cahaba, Norfolk, and Ruston sandy loams 
— the soils most affected by calcium arsenate — were lower in iron, 
aluminum, calcium, and magnesium, those elements which have been 
thought to fix arsenic, The clay content was also much lower in these 
soils. Houston clay loam, the soil least affected by calcium arsenate, 
contained the highest amount of these elements. There is a high cor- 
relation between the presence of^ these elements and the effect of 
calcium arsenate upon the productivity of the soils. These results are in 
agreement with those obtained by other investigators, Zuccari (8) 
found that fixation of arsenic varied directly with the amount of iron 
in the soil, and he attributed a minor fixing power to aluminum and 
to calcium and magnesium carbonates. The authors have previously 
(4) concluded that arsenic fixation is principally due to the colloidal 
mateiial, which contains a high iron content. 


Table 4. — Importamt physical and chemical characteristics of soils. 


vSoil type 

CaO 

FeA 

ALO, 

MgO 

RO, 

SiCU 

Clay* 

pHt 

% 

% 

% 

% 

% 

: % 

% 

% 

Ruston fine sandy loam 

0.20 

1-35 

5*79 

0.2s 

0.063 

9 U 25 

8.4 

5-5S 

Cahaba fine sandy 

!■ 







1 

loam 

0.15 

0.91 

i 3-01 

0.15 

0.040 

91.90 

6.4 

5.10 

Norfolk sandy loam. . . 

0,19 

1.29 

4-73 

0.18 

0.076 

93*55 

104 1 

4-79 

Orangeburg fine sandy 






,1 



loam . .... 

0.28 i 

2.39 

9.44 1 

0.34 

0.066 

26,8 

5.44 

Memphis silt loam. ... 

0*35 

2,62 

10.27 

0*54 

0.107 

78.90 

27.2 

5-59 

Houston clay loam 

L 53 

4.22 

18.22 

0.8a 

0.155 

62.02 

48.0 

6.94 

Sarpy fine sandy loam. 

1. 00 

2.62^ i 

11.07 

0.60 

0.209 

76.85 

24.0 

6.02 


* Determined by Boy oucos method (a). 
tDetermined by potentiometer method. 


Therefore, it appears that the presence of a large amount of iron, 
aluminum, calcium, magnesium, and clay offset the toxic effect of 
arsenic, and those soils which are deficient in these elements will 
probably be most affected by heavy calcium arsenate treatments. 

■ " SUMMARY ' 

Seven important soil types, representative of many soils in the 
cotton belt, were removed to concrete plots and treated with varying 
amounts of calcium ansenate. Different investigations were conducted 
on these soils, and the following conclusions drawn : 

I. Neither germination nor seedlings were injured on any soil until 
400 pounds per acre or more of calcium arsenate were applied. The 
greatest injury from the heavier applications occurred in the seedling 
stage and the extent of this injury depended upon the nature of the 
soil type. Cahaba, Norfolk, and Ruston sandy loams were more sensi- 
tive to arsenic than the other soils. 
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2. Crop yields from oats, Austrain peas, and hairy vetch planted 
immediately after the arsenic was applied and one year later show that 
yields were not affected except by heavy treatments and much of their 
toxicity was lost during one year’s time. Oats seemed more sensitive 
to arsenic than Austrian peas and hairy vetch, but all crops grown on 
Norfolk, Ruston, and Cahaba sandy loams were injured more than 
those grown on heavier soils. 

3. Large amounts of water-soluble arsenic did not accumulate in 
any soil until 400 pounds of calcium arsenate had been added, and 
then only in the sandy soils. Large quantities were lost from the 
heavily treated soils in one year’s time. 

4. Those soils which were most sensitive to arsenates (Norfolk, 
Cahaba, and Ruston sandy loam) contained the smallest amount of 
clay, iron, aluminum, calcium, and magnesium. Houston clay loam, 
the soil least affected by calcium arsenate, contained thelargest quan- 
tity of these constituents. 

5. vSince hardly any damage to germination, seedlings, or crop 
yields occurred until an application of 400 pounds of calcium ai'senate 
was made, and since large quantities of toxic arsenic were lost with 
time, the average application of calcium arsenate for insect control 
will probably never cause enough accumulation to injure crops usu- 
ally grown on the soils used in this study. 
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STRAIN TESTS OF RED AND WHITE CLOVERS^ 

0. S. AamODT, J, H. ToRRIE, AND 0. F. Smith^ 

T he use of adapted strains is essential for success with red and 
white clovers. This has been reported often with red clover but 
not for white clover. Frequently a shortage of domestic red clover 
seed in the United States results in large importations of unadapted 
foreign seed. Such a situation arose immediately following the World 
War and again in 1924, 1926, 1927, and 1937. 

Numerous tests conducted at various experiment stations have 
shown, with few exceptions, that foreign strains of red clover are 
decidedly inferior to domestic strains. Among the earlier work was 
that of Moore (4),^ which showed that Eui'opean rexl clovers were not 
sufficiently hardy for Wisconsin conditions. During the years 1922 to 
1929 tests were conducted at several experiment stations in coopera- 
tion with the U. S. Dept, of Agricultui'e. The resxilts of these tests, 
which are reported by Pieters and Morgan (6), show that foreign red 
clovers, with few exceptions, are unadapted for the north central and 
eastern United States. A more detailed report of these studies at 
Wisconsin, New York, and Kentucky are given respectively by 
Delwiche (2), Wiggans (7), and Fergus (3). Their conclusions are 
essentially the same as given by Pieters and Morgan (6), From the 
I'esults of tests of foreign red elovers in Illinois over a xs-year period 
Pieper and Burlison (5) state “the foreign seeds germinated well, but 
the stands though good the first year, were soon lost because of winter- 
killing and susceptibility to disease and insect injury. The true in- 
feriority of the foreign strains, except those from Canada, showed up 
in their inability to produce a crop the second year”. 

Interest was renewed in this subject in 1937 iis a result of large 
importations of foreign red clover seed, caused by a shortage of 
domestic seed. Aaniodt, Delwiche, and Stone (i) stress the disadvan- 
tage of using foreign seed. They state that in years when winter in- 
jury is negligible foreign red clovers may produce a fair yield in the 
first but the second cut is usually small. There is also the danger that 
domestic stocks will become contaminated by mechanical mixtures or 
cross pollination with foreign strains. 

MATERIALS AND MPiTHODS 

In order to obtain more recent data on the relative performance of foreign and 
domestic clovers, under Wisconsin conditions, some 63 samples of red clover and 
16 of white clover were planted in duplicate randomized plots in the spring of 1937 
at the University Hill Farms. Similar plots of .some 80 strains of red clover and 

^Cooperative investigations of the Wisconsin Agricultural Experiment Station 
and the Division of Forage Crops and Diseases, U, S. Dept, of Agriculture. Paper 
No. 146 from the Department of Agronomy, University of Wisconsin, Madison, 
Wis. Published with approval of the Director of the Wisconsin Agricultural 
Experiment Station. Received for publication September 29, 1939, 

^Professor and Instructor in Agronomy, University of Wisconsin, and Assistant 
Agronomist, Bureau of Plant Industry, U. S, Dept, of fVgriculture, respectively. 
^Figures in parenthesis refer to “Literature Cited", p. 1037. 
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20 of white clover were planted in the spring of 1938. The samples from states 
other than Wiscohsin were obtained from A. L, Stone of the Wisconsin State Seed 
Testing Laboratory, and E. A. Hollowell of the U. S. Dept, of Agriculture. The 
Wisconsin samples were secured from farmers. The size of the plots was 5 by 10 
feet, or 1/870 of an acre. The seed was sown in the spring without a nurse crop at 
a rate of 20 jDOunds per acre. The heavy rate of seeding used was to assure a good 
stand on all plots. Favorable weather for germination of the seed and for the early 
growth of the clover followed. The growth of annual weeds was kept in check by 
several mowings above the tops of the red clover plants during the summer. 

In order to secure additional information, under conditions similar to those 
found on the average farm, in 1938 representative strains of foreign and domestic 
clover w^ere sown in strips approximately 400 feet long, and 7 to 14 feet wide. The 
held was first sown with Wisconsin Pedigree 38 barley. The clover seed was then 
sown on the surface of the soil at a rate of 12 pounds per acre with a wheelbarrow 
seeder, followed with a cultipacker seeder with timothy, at the x'ate of 5 pounds 
per acre. 

To obtain a measure of the relative survival of the different strains, counts 
were made of the number of plants per unit area during the fall and early spring. 
The method used was to count the plants enclosed within a 6 by 6 inch square 
throwm at random on the plot. Six counts, two each by three readers, were taken 
for each plot. Estimates on the percentage coverage were made independently by 
three readers. Yields were taken on the first and second cut during the 50% bloom 
stage. The yield of weeds was recorded separately for the second cut. Dry weight 
determinations were based on samples of 700 to 1,000 grams. 

EXPERIMENTAL RESULTS 

RED GLOVER, 1 93 7 PLANTING 

The data in Table i give a summary by country of origin for the 
red clover samples planted in the spring of 1937. The number of 
plants is the total of six counts. For all the charactei's studied the 
difference between domestic and foreign strains were found to be 
highly significant. 

The fall counts were taken on September 23, 1937, and the spring 
counts and percentage coverage on April 30, 1938, shortly after the 
start of spring growth. The date when each strain was approximately 
in the 50% bloom stage was recorded prior to the first cut in order to 
have some idea of the relative earliness of the strains. Yields were 
taken on the first cut during the period, June ib to 30, and the second 
cut, August 4 to 15. 

The data in Table i show that the number of plants for six counts 
both fall and spring, percentage coverage, and yield of hay for both 
first and second cuts were much lower for the Eui'opean than for the 
domestic strains. The yield of weeds, however, is much higher for the 
European strains. The reduction in yield of the European strains is 
almost entirely the result of their inability to survive during the first 
year of growth. This probably was due to hot dry weather resulting 
in a heavy mortality of the plants weakened by leafhoppers. The 
differential summer-killing of foreign and domestic strains is shown 
in Pig. I. This failure to survive the year of seeding probably has not 
been fully appreciated in the past and may have been reported as 
failure to survive the winters. 


Table i. Summary of data by country of origin for domestic and foreign red clover strains planted in the spring of iniy at the 
University Hill Farms, Madison, Wisconsin - yu, 


I 
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The average spring survival of the domestic and foreign red clovers 
was 75 and 69%, respectively, of their fall stand. This shows that 
although the winter of 1937-38 was not severe, some winter-killing 
occurred. In this respect the difference between domestic and Euro- 
pean red clovers is not statistically significant. 

The average yield of dry hay for the European strains for the first 
and second cut was 3 1 and 2 5%, respectively, of that produced by the 
domestic strains. This shows that although the yield of the European 
strains was much less than that of the domestic strains, the ratio be- 
tween the two was similar for both cuts. The difference between the 



Fl G. I .—Differential summer- killing of foreign and domestic red clover 
straiUvS during the first year’s growth, summer of 1937. Plots with poor 
growth foreign strains, good growth domestic strains. 


first and second cutting of European strains, when compared with 
domestic, is smaller than that commonly reported, probably because 
of the very favorable growth conditions throughout the 1938 season. 
The domestic strains were taller and flowered earlier and more pro- 
fusely than the European strains. Several of the Canadian strains 
were of a semi-mammoth type and consequently bloomed later. 

A strain from Chile had a fall and spring stand of 95 and 69%, 
respectively, of the average of the domestic strains. The total yield 
for both cuts was 54% of the domestic average. On the basis of this 
one strain from Chile the data indicate that red clovers from Chile 
are not adapted to Wisconsin conditions. 

The domestic strains showed a greater vigor of growth. The average 
spring stand of the European strains was 31% of the average of the 
domestic strains, while the percentage coverage was only 19. Since 
the spring stand of the European strains was only 3 1% of the average 
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of the domestic strains, other things being equal, it would be reason- 
able to assume that the average yield of the foreign strains would be 
greater than 31% of the average of the domestic strains; for it is to 
be expected that the yield would not be directly proportional to the 
stand. This is indicated by the results obtained from four of the Wis- 
consin plots which had a relatively poor stand. 

The average spring stand and percentage coverage of these four 
Wisconsin strains was 52 and 65, respectively, of the average of all 
of the United States strains, while the average yield of the first and 
second cuts was 86 and 85%, respectively, of the average of all the 
United States strains. One strain from Hungary, which was the best 
of the European strains, had a spring stand of 86%, spring coverage 
of 85%, and yield of first cut of 66% and yield of second cut of 50% 
of the United States average. This indicates that the yield of the 
Wisconsin strains with a poor spring stand was higher than would be 
expected if the yield was directly proportional to the stand, whereas, 
for the European strains, on the average, the yield was proportional 
to the stand. 

Considerable interest is being shown throughout the country in 
long-lived, one-cut or mammoth types as compared to the medium, 
or two-cut types. Several mammoth strains were included in the 1937 
tests, consisting of Graham’s Mammoth and five strains from Canada. 
Graham’s Mammoth has been developed during the past 40 years by 
P. S. Graham, a farmer at Pennimore, Wisconsin. The 50% bloom 
stage for the mammoth types was approximately two weeks later 
than for the medium types. Graham’s Mammoth yielded 122, 98, and 
114%, respectively, of the average. of all domestic strains for the first, 
second, and combined cuts. The corresponding percentages for the 
average of the Canadian mammoth strains were 131, 85, and ii 5 . 
These results indicate that in a season favorable for two cuts from 
mammoth clovers, the mammoth types will produce as large a yield 
as the medium types. When mammoth types are left to the 50% or 
full bloom stage of development before cutting as is the practice with 
the medium red clovers, a coarse stemmy hay is likely. If the mam- 
moth is cut in the early bloom stage, which is usually about one week 
after the medium clover, a quality of hay equal to the mediums can 
be produced. In addition, considerably more growth is available, for 
late summer or early fall and under certain conditions into the third 
or fourth years. 

RED clover; 1938 PLANTING 

The year 1938 was an ideal clover year for domestic strains. The 
foreign red clovers, however, suffered severely from leafhopper dam- 
age during midsummer. The difference in the vigor of growth of the 
foreign and domestic strains was very noticeable at this time. Sep- 
tember was very wet and cool which aided in eliminating the leaf- 
hoppers and allowed the foreign red clovers to recover from earlier 
damage by the leafhoppers. Counts made in the fall of 1938 on the 
5 by 10 feet observation plots showed no significant difference in the 
relative stand of foreign and domestic strains. The percentage cover- 
age and vigor of growth were estimated on October 28. The index for 
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vigor of growth was based on a scale of i (very weak growth) to lo 
(very vigorous growth). The average percentage coverage and index 
of vigor of the foreign strains were 8o and 75%, respectively, of the 
average of the domestic strains. In the spring of 1939 the stand of all 
strains was very poor due to winter-killing. 

The strains planted on the strips 400 feet long and 7 to 14 feet wide, 
survived the winter much better. The stand of all strains, with the 
exception of Graham’s Mammoth, on approximately two-thirds of 
the field was very poor as a result of a heavy growth of volunteer 
barley in the fall of 1938. The good stand of Graham’s Mammoth 
indicates that under the conditions of this experiment it has the abil- 
ity to withstand adverse conditions much better than the medium 
red clovers tested. 

The data given in Table 2 on the relative stand in the fall of 1938 
and the spring of 1939, as well as the yield of dry hay, are for the 
portion of the field on which the stand was reasonably good. The stand 
counts, which were taken as described previously, except area, repre- 
sent the number of plants found in 60 square feet. Five quadrats each 
16 feet square were taken at random for all strains to give an estimate 
of the yield. 


Table 2,— Summary of data by strain for domestic and foreign red clovers 
planted in the spring of ipjS with a barley nurse crop at the University 
Hill Farms, Madison, Wisconsin. 


Strain 

Plants 

squar 

Fall, J 

1938 

per 60 
e feet 

— _ — 

spring, 
1939 i 

Yield of dry hay, first cut, tons 
per acre 



Clover 

Timothy 

Both 

Wisconsin 

130 

75 

0.95 

0.66 

T.61 

Longhiirst (Idaho) ..... . 

447 

42, 

0.66 

1.05 

1.71 

Graham's Mammoth. . . . 

151 

156 

1.86 

0-37 

2,23 

New Zealand. 

120 

3 

O.IO 

1-63 

1.73 

Poland 

109 

16 

0.30 

1. 10 

1,40 

Latvia 

83 

15 

0,25 

- , r.14' 

1.39 

S. . . 

■. 27 

30 

0.34 

! 0.33 



*M. S. D. Mitiimum difference between strains required to be significant at 5 % level. 


An analysis of the data shows that in the fall of 1938 the strain 
from Latvia was the only one which differed significantly in stand 
from the Wisconsin check. In the spring all three foreign strains and 
Longhurst’s from Idaho had a significantly poorer stand than the 
Wisconsin check, while the stand of Graham’s Mammoth was sig- 
nificantly better. Graham’s Mammoth was the only strain which did 
not have a marked reduction in stand during the winter. The differ- 
ences in stand are reflected by the large variation found between 
strains for yield of dxy hay. The tonnage of dry clover hay produced 
by Graham’s Mammoth was almost twice as great as that for the 



Sgp!fp 


\ 
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Wisconsin check, i he nay irom tne plots seeaea to mo 10101^11 an 

of clover consisted largely of timothy. . * . * 

The authors made a trip through southwestern Wisconsin during 
the last week of June 1939. The only field of red clover and timothy 
visited which had a good stand of red clover was a field of mammoth 
red clover on the farm, of P. S. Graham at Fennimore, Wisconsin. 
This observational evidence gives additional support to 
mental data, which indicates the superiority of Graham's Mammoth 
Glover over the medium clover type under adverse conditions. 

WHITE CLOVER, 1937-38 PLANTINGS 

The data on the percentage coverage of the white clover strains 
nlaiited in conjunction with the 5 by 10 feet red clover plots are sum- 
marized in Table 3. The stand of all strains planted m the spring of 

”3 w»»«Slent in the sprin, and fall of .,38^Diftete„tiaWmt«- 
killing, however, occurred during the winter of _ 193 8 39. The per 
centale coverage of the strains from Poland, England, and New 
Zealand were very poor in comparison with those from Wisconsin, 

^'^hrstrain^^planted in the spring of 1938 entereTthe 
excellent condition. The strains from Louisiana and Mississippi were 
several inches taller and had a much more vigorous growth than the 
Wisconsin strains. The Louisiana and Mississippi strains, howvj 
were killed out practically 100% by the winter of 1938 39. This diffe 
ence in ability to survive the winter of 1938-39 is shown in Fig. 2. 


G. ^.-Differential wint^-kUling of white du 

39., Wisconsin strain, plants alive (left), Louisiana 
weeds abundant (right). 
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The Spring Stand of the foreign strains, for the most part, was con- 
siderably poorer than that of the Wisconsin strains. 

Two strains of white clover from Louisiana and one from Wisconsin 
were planted with the 400-foot strips of red clover. The stand of all 
three strains was excellent in the fall of 1938. The following spring, 
however, the Louisiana strains were dead, while the Wisconsin strain 
showed excellent growth. 


Table 3.' — Percentage awerage by state or cotmtry of origin of domestic and 
foreign white clover strains plaiited in the spring of igsf and igs8 at the 
University Hill Farms, Madison, Wisco7isin. 


Country or state 
of origin 1 

1937 planting 

1938 planting 

No. of 
sti*ains 

June, 

'1938 

Oct., 

1938 

M.ay, ; 

1939 

No. of 
strains 

Oct., 

1938 

May, 

1939 

Wisconsin 

2 

100 

100 

100 

3 

90 

58 

Oregon ............. 

0 

— 

— 

— 

I 

95 

35 

Louisiana. . 

0 

— . i 

— 

— 

3 

96 

2 

Mis.sissippi. 

0 

— 

— , 

— 

I 

100 

3 

Sweden ............. 

3 

100 

100 

85 

2 

73 

28 

Poland 

I 

100 

100 

35 

I 

85 

30 

Denmark , .......... 

2 

100 

100 

97 

3 

87 

52 

England. ........... 

I 

100 

100 

20 

I 

100 

20 

New Zealand . 

7 

100 

100 

20 

5 

99 

7 


In the spring of 1937 plots were established to test the survival of 
white clover in bluegrass pasture under different fertility, clipping, 
and grazing treatments.^ Three strains of white clover, Louisiana 
White, Corn Belt White, and Kent Wild White, were seeded at the 
rate of 2 pounds per acre on good bluegrass sod. Check plots to which 
no seed was applied were also included. The Louisiana White, which 
in the first year appeared better than the other strains on the grazed 
plots and as good as the others on the clipped plots, winter-killed 
almost completely during the winter of 1938-39. Corn Belt White had 
a significantly better stand than the Kent Wild White on the grazed 
plots, while on the clipped, plots there was no significant difference 
between these two strains. 

SUMMARY AND CONCLUSIONS 

In order to determine the adaptability of various domestic and 
foreign strains of red and white clover under Wisconsin conditions, 
some 63 red clover and 16 white clover strains were planted in the 
spring of 1937 and 80 red and 20 white strains in 1938. 

The 1937 results show that European red clovers are decidedly in- 
ferior to domestic strains in their ability to produce a good stand the 
year of seeding when drought and high temperatures prevail. As a 
result the hay crop in 1938 was poor both in yield and in quality of 
hay, the latter due largely to a high percentage of weeds. 

^This pasture experiment is a cooperative one with H. L, Ahlgren, F, W. 
Tinne3L and E. A. HollowelL A more complete separate report will be made* at a 
later date. 
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The average yield in tons of cured hay per acre in 1938 for red 
clover strains from different sources was Wisconsin 3.35, Canada 
3.55, Hungary 1.03, Poland 0.77, all Europe 0.96, and all United 
States 3.32. 

The superior performance of Graham’s Mammoth indicates that 
this strain is hardier under adverse conditions than the medium or 
two-cut types. 

Strains of white clover of different origins varied considerably in 
adaptability to Wisconsin conditions. White clover strains from 
Louisiana and New Zealand winter-killed almost completely in small 
plots, in large field plots, and in pasture plots during the winter of 

1938-39- 

LITERATURE CITED 

1. Aamodt, O. S., Delwiche, E. J., and Stone, A. L, Home-grown red clover 

seed best. Wis. Agr. Exp. Sta. Giro. 289. 1937. 

2. Delwiche, E. J. Tests of strains of red clover from various sources. Jour. 

iVmer. Soc. Agron., 18:393-403. 1926. 

3. Fergus, E. N. Adaptability of red clovers from different regions to Kentucky. 

Ky. Agr. Exp. Sta. Bui. 318. 1931. 

4. Moore, R. A. Variety tests of clover. Wis. Agr. Exp. vSta. x\nn. Rpt., 19:230- 

231. 1903. 

5. Pieper, J. J,, and Burlison, W. L. Foreign strains of alfalfa and red clover. 

What is their adaptability to Illinois. 111 . Agr. Exp. Sta. Bui. 431. 1937. 

6. Pieters, A. J., and Morgan, R. L. Field tests of imported red clover seed. 

U. S. D, A. Circ. 210. 1932. 

7. WiGGANS, R. G. Relative adaptability of red clover seeds of different origins. 

Cornell Univ. Agr. Exp. Sta. Bui. 463. 1927. 


1038 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

BOOK REVIEWS 

LAND BRAINAGB AND RECLAMATION 

By Qiiincey Clatide Ayres and Daniel Scoates. New York: McGraw- 
Hill Book Company, Ed, 2, XI +496 pages, Ulus. 1939. $4.00. 

I N WRITING this book, which obviously is intended to serve as a 
text for college students of agriculture, the authors have suc- 
ceeded in producing a treatise which is both elementary and compre- 
hensive, The book is mainly an exposition of engineering practices 
as they are applied to land surveys, drainage, irrigation, and the 
control of soil erosion. In order to orient these practices properly, 
discussion has been included on such subjects as soils, rainfall and 
run-off, drainage and conservation districts, and principles of law. 

Those who approved the first edition of this book will undoubtedly 
approve the second. The introduction has been re-written and thereby 
improved. Additional space has been devoted to soil erosion and its 
control, evidently in response to the impetus currently given this 
subject by governmental agencies. The chapter on land clearing has 
been modified and condensed. Other and minor changes appear 
throughout the text. 

The book should appeal to soil conservation workers who recognize 
themselves to be inadequately trained in the engineering phases of 
their work. (G. S. S.) 


AN OUTLINE OF BRITISH CROP HUSBANDRY 

By H. G, Sanders, New York: Macmillan Company, VI II +348 
pages, Ulus, X 9 39, 

T he author, who is a lecturer in agriculture in the University of 
Cambridge, makes it clear in his preface that this book is, as the 
title states, an outline and not in any sense a complete treatise on 
crop husbandry. Data and detail have been subordinated and general 
principles stressed, since, as the author says, principles are sometimes 
lost sight of in attention to the details of husbandry prevalent in any 
particular farming district. 

The text deals with rotations, manuring, weed control, tillage and 
seedbed preparation, choice and treatment of seed j sowing, cultiva- 
tion, and harvest as applied to various crops. In addition, a chapter is 
devoted to cost analysis. Some bibliography is given at the ends of 
chapters, the references being very largely British. 

The subject matter seems well constructed and, although written 
entirely from the British viewpoint, American agriculture can learn 
much from a concise outline of the principles underlying British crop 
husbandry. (R. C. C.) 


BOOK REVIEWS 


XO39 

COMMON BRITISH GRASSES AND LEGUMES 

J- 0 , Thomas^ and L. J, Davies. New York: Longmans, Green- 
a7id Co. 124 pageS) illus. ipjS. $2.20. 

T his Uttle book does in an excellent manner exactly what its 
authors apparently intended it to do, namely, it serves as a guide 
to the identification of the common grasses and legumes in the field. 
While it was written to meet the needs of farmers, agricultural schools, 
and certain classes in agricultural colleges, it contains much material 
of immediate value to agronomists and botanists. 

Following three chapters giving a discussion of the morphology of 
the common British grasses, useful plant characters, and a key to the 
vegetative characters, some 66 different species are definitely dis- 
cussed, and, of these, 44 are illustrated. The rather accurate and 
excellent illustrations are so arranged as to face the text nmterial 
describing each species, an excellent scheme which one soon comes to 
appreciate when using the book in the field or classroom. 

Another useful and valuable feature about the book is that the 
authors have added to the section dealing with distribution and 
economic value much new material, particularly that having to do 
with new findings in pasture improvement through the use of the 
grasses and legumes. Agronomists should find the book very useful. 
(M.T.M.) 


INTRODUCTION TO THE BOTANY OF FIELD CROPS 

By J. M. Hector. ] ohanneshurg: Central News Agency^ Ltd. Vol. 1 , 
Cereals; Vol. II; Non-Cereals. LXV+ii2y pages AU'ns. j.io.o. 

I N these two very useful volumes the author has assembled a 
great wealth of material on a wide variety of plants often classed 
as field crops. The cereals are dealt with in the first volume and in 
the second volume the author takes up 13 families which ate classed 
as non-cereals yet contain the leading crop plants of the world. Each 
of these families is dealt with separately and has a key immediately 
following the general though brief discussion of the groups or sub- 
divisions discussed. This is followed by an excellent bibliography 
arranged alphabetically by authors. The completeness and, effective- 
ness of the bibliography is revealed as one uses the text and there 
finds new citations as well as the older standard or dependable ones. 

The excellence of the first volume is continued on through the sec- 
ond volume and the author seems to have fulfilled his aim as ably 
explained in the introduction in presenting from a systematic and 
structural veiwpoint the entire plant, anatomically, histologically, 
and cytologically. The text mateifial is nicely supplemented by many 
more of less excellent illustrations which are well placed. There are 
88 tables which give the most useful data mentioned in the text dis- 
cussion. 

While the agronomist might be mostly interested in the first vol- 
ume, the second volume is so valuable an addition that it really 
seems necessary. Both volumes are well printed and attractively 
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bound,. They are broad m their scope and viewpoint and will surely 
find a place which has been only partly filled by other texts. The 
iiwestigator, advanced student in agronomy, and the post-graduate 
should find these two volumes exceedingly useful and valuable. 
(M. T. M.) 


ROOT NODULE BACTERIA AND LEGUMINOUS PLANTS 

By E. B. Fred, L L. Baldwin, and Elizabeth McCoy. Madison, 
Wis.: Unw. of Wisconsin Press, 40 pages, igsQ. 50 cents, 

T his is a supplement to the first publication bearing the same 
title and published in 1932, and contains a list of papers published 
in this field fi'om 1932 to 1938. A few important papers overlooked in 
the first report are also listed. As an added feature and in response to 
suggestions received by the authors, the index is supplemented by a 
list of the scientific names of all plants cited in the original mono- 
graph and by an author index. 


RESEARCH ON GRASSLAND, FORAGE CROPS, AND THE CONSER- 
VATION OF VEGETATION IN THE UNITED STATES OF AMERICA 

By R, 0, Whyte. Herbage Publication Series, Bulletin 26. Imperial 
Bureau of Pastures and Forage Crops, Aberystwyth, Wales, iij pages, 
Ulus. ipjQ, 

T his bulletin gives an account of research in forage crops, range 
management, and the botanical aspects of soil conservation in the 
United States. A detailed summary is given of the research projects 
in the Division of Forage Crops and Diseases of the Bureau of Plant 
Industry, the Regional Pasture Research Laboratory, the Range 
Investigations of the Forest Service, the Research of the Soil Con- 
servation Service, and of the state agricultural experiment stations. 
Reference is made to the studies in progess under the auspices of the 
U. S. Golf Association. A repox’t of the Divfeion of Plant Biology, 
Carnegie Institution of Washington, gives details of some researches 
on factor and function in adaptation, and on climax, succession, and 
conservation. (F.B.S.) 




FELLOWS ELECT FOR 1939 

LEOKARD LAVIB BAVER 


E DNAxm David' Baver was born on a farm . 

near Miamisbnrg, Ohio, December 8, 1901. ' 

He. received his B.S. degree from Ohio State ' ^ 1 /^ 

University in 1923 and the M.S. degree in 1926. f 
He was granted the Ph.D» degree by the Uni- ‘I 
versity of Missouri in 1929. 

He is a member of the American Society of ' • 

Agronomy, the Soil Science Society of America, 

the International Soil Science Society, and the ‘C ' 

Experiment Station, i923*~28; Research Vellow ■ 
in Soils, University of Missouri, 1928-29; Asso- 
ciate Soil Chemist, Alabama Agricultural Ex- 
periment Station, 1929-31 ; Associate Professor of 
Soils, University of Missouri, 1931-37; Prof es;- ■ 

sor of Agronomy, Ohio State University, 1937-. During 1936, Senior vSoil Con- 
servationist in the SoilConservation Service. 

Member of numerous committees of the American Soil Survey Association, of 
the American Society of Agronomy, and of the Soil Science Society of America, 
and American representative of the Soil Physics Section at the last meeting of the 
International Society of Soil Science. 

He has published numerous papers dealing with soil stmcture, consistency, 
porosity, genesis, and morphology, the colloidal properties of soils, soil organic 
matter and its effect on soil structure, erosion, and crop production. He made the 
earliest use in this country of the pumhydrone method for the determination of 
soil acidity and has developed an electro-thermal method for the determination 
of soil moisture. 


MERLE TRUMAN JENKINS 


M erle Truman Jenkins was born at Brook- 
ings, S. Dak., January 4, 1895. Herci-dved 
his B.S. degree from the Oregon. State College in 
1916, shortly thereafter, joined the U. B, Army. 
In 1919 he entered the United vStates Biii'eau of 
Plant Industry as scientific assistant in corn in- 
vestigations, being advanced througli the various 
grades to Ms present i^osition of principle agrono- 
mist in charge of corn investigations in 1934. He 
received Ms M.S. degree from Iowa State Col- 
lege in 1925 and the Ph.D. degree from the same 
place in 1928. 

From 1922 to 1934 he w'as in charge of the 
corn investigations co-operative betw^een the 
Iowa Agricultural Experiment Station and the 
Bureau of Plant Industry, U. S. Dept, of Agri- 
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culture. During this time, Doctor Jenkins made notable contributions to the 
theory and practice of modern corn breeding, and also found time for genetic and 
physiologic research with corn, the results of which are reported in numerous 
papers. 

Doctor Jenkins’ most important agronomic contiibution during this time 
probably was the development of the inbred lines of corn now used so extensively 
throughout the Corn Belt. One of these lines, L317B2, is probably the most 
resistant to drought of all lines so far developed, whereas his Iowa hybrid 939 is 
probably grown to advantage more widely than any other hybrid extant. 

Since 1934 Doctor Jenkins’ capability in handling his administrative responsi- 
bilities as leader of the Bureau’.s extensive corn investigations has permitted him 
to continue some personal research with corn which is bearing fruit. 

Doctor Jenkins has taken an active interest in the affairs of the American 
vSociety of Agronomy for many years. He has organized symposia for the meetings, 
served on important committees, and been chairman of the Crops Section. 


AUSTIN LATHROP PATRICK 



A ustin Lathrop Patrick was born in Scran- 
• ton, Pa., August 23, 1889, and lived a part 
of his early life on a farm in northeastern Penn- 
sylvania. He received his B.S. degree from 
Pennsylvania State College in 1913 and his 
M.S. degree in 1925. In 1931 he was granted the 
Ph.D. degree by Gornell University. 

Doctor Patiick is a member of the American 
Society of Agronomy and of the Soil Science 
Society of America and of Sigma Psi, Phi TCappa 
Phi, and Gamma vSigma Delta honorary frater- 
nities. 

Scientist in Soil Surveys, U. S, Dept, of Agri- 
culture, 19 1 3-19 ; Assistant Professor, Associate 
Professor, and Professor of Soil Technology, 
Pennsylvania State College, successively, 1919- 
this period he was in charge of the soil survey work in Pennsylvania 
as Director of the short courses given at the College. From 1934 to 1937 
was “loaned” by the College to the Soil Erosion Service, later the Soil Con- 
v^rvation Service, and acted as Regional Director of the Service in Pennsylvania 
and was in charge of the development of the soil erosion experiment station at 
College, Pa. From June 1937 to June 1939 Doctor Patrick was Chief of the 
Division of Watershed and Conservation Surveys of the Soil Conservation Service 
since June 1939 has been acting as Assistant Chief of the Soil Conservation 
in charge of the divisions of surveys and project planning, with head- 
in Washington, D. C. He is the author of numerous publications in his 


Patrick served as Secretary-Treasurer and as President of the American 
Soil Survey Association and was one of eleven soils men to be designated by 
Hull to represent the United States at the Intenia- 
Clongress in England recently. Pie has served on several com- 
the American Society of Agronomy and was a member of the organiz- 
of the Soil Science Society of America. 


ii 


MINUTES OF THE THIRTY-SECOND ANNUAL MEETING 
OF THE AMERICAN SOCIETY OF AGRONOMY 

T he thirty-second annual meeting of the Society was held in the 
Roosevelt Hotel in New Orleans, Louisiana, November 22, 23, 
and 24. There were 670 registered at the meetings and over 700 m 
total attendance. In addition a large number of ladies accompanied 
their husbands and enjoyed the hospitality and beauty of New 
Orleans. 

The general meeting of the Society was held on Thursday morning, 
November 23, with President R. J. Garber presiding. W. C. Lassiter, 
Editor of the Progressive Farmer, spoke on “The Social and 
Economic Problems of Southern Agriculture”, and M, J. Funchess, 
Dean of Agriculture at Alabama Polytechnic Institute, discussed 
“Agronomic Problems of the South”, Both papens vrere well received 
and will appear in an early number of the Journal. 

The annual dinner was held on Thursday evening with the address 
of the President, “The Agronomist, His Profession, and an Example 
of Coordinated Research”, as the feature of the occasion. 

The Crops Section held programs on Breeding, Genetics and Cytol- 
ogy; Physiology, Morphology, and Taxonomy; and miscellaneous 
subjects. There were five sessions on each of the three groups of sub- 
jects and a total of 87 papers was presented. In addition there were 
round table discussions and conferences. 

The Soil Science Society held 14 sectional meetings with programs 
on soil physics, soil chemistry, soil fertility, soil genesis, morphology 
and cartography, and soil technology. There were 88 papers pre- 
sented in addition to 7 presented at a joint session with the Crops 
Section. A general soils program was held on Thursday afternoon 
with the presentation of 5 papers. 

The Auditing Committee appointed by President Garber consisted 
of Dr. F. B. Smith and Dr. H. H. Laude. The Nominating Committee 
consisted of President Garber as chairman and Dr. F, D. Keim, 
Dr, W. A. Albrecht, Prof. H. C. Rather, and A. M, O'Neal. 

FELLOWS 

Vice-president Alway announced the Fellows Elect and presented 
the certificates. Those elected were Dr. L. D. Baver, Dr. M. T. 
Jenkins, and Dr, A. L. Patrick. (See pages 1041 to 1042.) 

OFFICERS’ REPORTS 
REPORT OF THE EDITOR 

W HEN Volume 31 of the Journal is completed it will contain approximately 
1,100 pages and will present 108 papers, 22 notes, and 23 book reviews, in 
addition to numerous miscellaneous items that appear under the general heading 
of ‘'Agronomic Affairs”. At this writing 18 papers have been returned for one 
reason or another and sufficient material is in hand for the Jamiary 1940 number. 
Thus, we come to the end of another year of Journal publication with what we 
regard as a satisfactory state of affairs, at least from an editorial point of view. 
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The Treasurer's report will show our financial status which we believe is also 
satisfactory, considering that extra demands were made upon the finances of the 
Society with the publication of the cumulative index for Volumes 21 to 30, in- 
clusive, and with the allotment to the Editor of a small sum, shared by the Soil 
Science Society, for the employment of a part-time editorial clerk. Incidentally, 
this part-time assistance and the Editor's own item are now covered very largely 
by the advertising income of the Journal. Practically all contracts for advertising 
have already been renewed for 1940 and one or two new advertisers are consider- 
ing the Journal for next year, so we would urge especially that you “mention the 
Journal to advertisers”. 

The cumulative index has been fairly well received, but we have not yet re- 
covered in its sale the entire cost of publication. We believe everyone who keeps a 
complete file of the Journal will eventually want this useful tool which may be 
obtained for the very nominal sum of $1.00. 

A new undertaking for your Editor this past year was the handling of the 1938 
Proceedings of the Soil Science Society. The procedure for the editing and pub- 
lishing of this volume had been so well conceived and so carefully worked out by 
Doctor Bradfield and his associates prior to our taking over last fall that it was 
largely a matter of following the lines laid down by these men. We are conscious, 
however, of certain shortcomings in the handling of Volume 3 of the Proceedings, 
some of which were beyond our control, to be sure; but we are hopeful for more 
prompt and more satisfactory service in this direction with increasing experience. 

You may be interested in learning something about the magnitude of the sales 
of the several agronomic publications entrusted to our care. Almost every mail 
brings in orders for one or more of these publications and of course we are con- 
stantly being called upon to supply back numbers of the current volume of the 
Journal to new members of the Society or to send the Proceedings to some one 
who paid his dues to the Soil Science Society. Just for your information, here are 
the figures since January ist: vSeven sets of the Proceedings of the First Inter- 
national Society of Soil Science; 9 bulletins of the Soil Survey Association; 244 
orders for the indexes to the Journal; 285 orders for back numbers of the Jour- 
nal; and 315 orders for different volumes of the Proceedings of the Soil Science 
Society. 

Further correspondence was carried on during the year with the Editorial 
Advisory Committee with reference to enlarging the personnel of that committee 
and to expanding its functions still further as a review board for contributions to 
the Journal. The services of the present members of the committee have been 
utilked throughout the year, along with those of others, in reviewing papers, but 
we feel that the time has come when the editorial policies of the Journal, in so 
far as they have to do with the acceptance or rejection of papers, should be placed 
upon a somewhat more rigid procedure than now prevails. This is presumably a 
matter for the Editorial Advisory Committee and the Executive Committee to 
■work'Out.,.' ■■ ■ 

We are a bit concerned as to what the unsettled conditions abroad may do to 
our large and profitable foreign circulation. Thus far there have been no serious 
reverberations, but it would not be at all surprising to see many cancellations 
with the expiration of present subscriptions; in fact it will be most surprising if 
we do not suffer serious inroads in our foreign subscriptions. There are many men 
working in the various fields of agronomy in this country who are not yet mem- 
bers of this Society or subscribers to the Journal. A little home missionary work 
would do much to offset here at home what we are likely to loose abroad. 
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A recent correspondent expressed regret that the Journal did not have more 
personal items about the goings and comings of agronomists. To show that he 
was sincere in the matter, he submitted several items from his own institution 
which will appear in an early number of the Journal. Doubtless we have been 
remiss in not encouraging more “letters to the Editor^, and it goes without saying 
that we would welcome more news items. To stimulate anew interest in this 
section of the Journal, we shall soon ask each Department of Agronomy to 
designate someone in their organization who will assume responsibility for seeing 
that we are kept informed on changes in personnel and in events of interest, to 
other agronomists that transpire within their group. 

On behalf both of the Society and of the Journal, we would express our appre- 
ciation of the very efficient discharge of the multitudinous duties of his office by 
our Secretary-Treasurer, Doctor G. G. Pohlman. The Journal could survive for 
sometime without an Editor, but the affairs of the Society would bog down very 
quickly without the constant and close suxjervision of the Secretary's office which 
we have enjoyed during the jjast year. 

Respectfully submitted, 

J. D. Luckett, Editor. 

REPORT OF THE SECRETARY" 

'^HE membership changes hi the Society since the last annual rejiort are 
^ briefly summarized as follows: 


Membership last report . 1,230 

New members, 1939. 86 

Reinstated members ..... 63 

Total increase. . ........................ ... . . - . I 49 

Dropped for non-payment of dues. 127 

Resigned.. 28 

Died 7 

Mail returned unclaimed 12 





Total decrease. • • ^74 

Net decrease 25 

Membership, October 31, 1938 * ' ^ 1,205 


The subscription list has increased during the year as shown by the following 


figures: 

Subscriptions, last report. ............... 

New^ subscriptions, 1939 ... - 129 

Subscriptions dropped. • • • • . 

Net increase; 27 

Subscriptions, October 31, 1939 * ^^7 


The paid up membership and subscription list by states and countries is as 
follows.*. ■■ :• ■ 
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Mem- Sub- Mem- Sub- 

bers scriptions bers scriptions 


Alabama. 

10 

I 

Argentine......... 

8 

10 

Arizona 

8 

3 

Australia. 

I 

26 

Arkansas. ...... 

9 

4 

Brazil. . ... 

. 0 

5 

California .......... 

40 

10 

British Guiana 

0 

I 

Colorado. 

17 

I 

British West Indies . 

I 

I 

Connecticut. ....... 

9 

2 

Canada 

. 14 

39 

Delaware 

4 

0 

Ceylon 

0 

3 

District of Columbia . 

87 

5 

Chile 

2 

I 

Florida. . . / 

17 

3 

China 

3 

13 

Georgia 

16 

0 

Columbia 

I 

0 

Idaho. 

8 

I 

Costa Rica 

I 

0 

Illinois. ............ 

45 

9 

Cuba 

I 

4 

Indiana. 

25 

3 

Denmark 

2 

0 

Iowa ........... 

3b 

2 

Dutch East Indies . . 

0 

6 

Kansas. — 

42 ■ 

3 

Bgypli - 

I 

3 

Ken tuck V . 

10 

4 

England. 

3 

13 

Louisiana 

19 

4 

Estonia. 

0 

I 

Maine 

5 

I 

Fed. Malay States . . 

I 

3 

Marvland . 

17 

5 

Fiji 

0 

0 


LJ 

A 

Finland 

0 

5 

Michigan. 

21 

5 

France 

I 

II 

Minnesota 

25 

5 

Germany 

2 

7 

Mississippi 

12 

I 

Greece 

2 

I 

Missouri. ..... 

17 

4 

Holland 

0 

4 

Montana. 

8 

5 

Honduras 

I 

I 

Nebraska 

31 

3 

Hungary 

0 

0 

Nevada 

2 

I 

India 

5 

20 

New Hamp^ire 

2 

0 

Indochina 

0 

I 

New Jersey. 

15 

4 

Ireland 

0 

2 

New Mexico 

5 

2 

Italy. 

0 

12 

New York 

47 

II 

Japan — 

. 6 

76 

North Carolina 

16 

5 

Jugoslavia. ........ 

I 

I 

North Dakota, ...... 

12 

I 

Mauritius 

0 

I 

Ohio. 

47 

4 

Mesopotamia ...... 

0 

0 

Oklahoma 

II 

5 

Mexico . . .... 

I 

0 

Oregon 

10 

3 

New Zealand 

. 0 

6 

Pennsylvania 

18 

6 

Norway. .......... 

0 

2 

Rhode Island 

7 

0 

Palestine. ......... 

, . 2 

0 

South Carolina 

14 

2 

Persia 

I 

0 

vSouth Dakota 

7 

I 

Peru 

2 

I 

Tennessee 

14 

2 

Poland 

2 

I 

Texas 

49 

II 

Portugal,....'..... 

I 

4 

Utah. ............. 

10 

6 

Roumania. . . . . , . . . 

0 

I 

Vermont 

3 

0 

Scotland. ......... 

2 

I 

Virginia 

23 

3 

Siam... ....... 

2 

I 

Washington 

20 

4 

Spain 

0 

I 

West Virginia. 

10 

. l 

Sweden...... 

. 0 

2 

Wisconsin 

31 

2 

Switzerland 

I 

i 

Wyoming 

7 

i 

Turkey 

2 

2 




Uruguay 

I 

0 

Alaska 

0 

i 

U.S.vS.R 

6 

95 

Hawaii 

8 

8 

Venezuela 

r 

2 

Philippine Islands . , . 

I 

2 

Wales. ....... ... . . 

0 

3 

Puerto Rico 

3 

2 


, ■■ 


Africa 

4 

28 


1,026 

598 


The number dropped for non-payment of dues is about the same as in 1938 as 
is also the number resigned. A large number of the subscribers who have been 
dropped are from China, Japan, and Russia. There are 179 members and 89 sub- 
scribers who have not yet paid their 1939 dues. We hope that they will soon pay 
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their dues and continue in the Society. There have been a number of members 
whose mail has been returned. These are principally foreign members, although a 
few are in the United States. 

The decrease in membership is largely the result of a much smaller number of 
new members than last year. Apparently we have not given enough attention to 
this part of the work. A number of members have been very active in securing 
new members. The Society appreciates your cooperation in helping in this w^ay. 

The number dropped for non-payment of dues seems too high. I would appre- 
ciate any suggestions as to how the old members can be retained. A few have 
criticized the Society for dropping their names from the rolls without suhkient 
notice. However, no one has been dropped who has not been at least a year in 
arrears. During this time at least two notices have been sent. 

At times during the past year it seemed that the Secretary’s office was pretty 
slow in attending to orders and answering correspondence. However, you were 
very patient and eventually we got things straightened out. I appreciate your 
cooperation. I also wish to thank those in charge of the various programs for the 
promptness and order in which they sent in the programs. This was especially 
helpful in speeding up the delivery of the programs to the members. 

Respectfully submitted, 

G. G. PoHLM AN, Secretary. 

REPORT OP THE TREASURER 

T BEG to submit herewith the report of the Treasurer for the year, November i, 
^ 1938, to October 31, 1939. 

RECEIPTS 


Miscellaneous ...... $$,820.84 

Advertising income, 783,20 

Reprints sold i ,796.82 

Journals sold , .... 21443 

Subscriptions, 1939 .... . . 2,345,00 

Subscriptions, 1938 

Subscriptions, 1939 (new) 696,32 

Subscriptions, 1940 (advanced) 180.00 

Dues, 1939. ......... 4,310,16 

Dues, 1938 4 ^ 5-75 

Dues, 1939 (new) - . . ... ... , . . . ......... . . , . . . . .. 417.26 

Dues, 1940 (advanced). 

Index 172.0B 

Miscellaneous (S.S.S.A.) 75 * 5 ^ 

Sale of Soil vSurvey Bulletins (Marbut Memorial Fund) 14^ *^^5 

vSaleof Proceedings, Vol. I (1936) — 87 * 5 ^^ 

Sale of Proceedings, Vol, II (1937) * 398*76 

Dues and subscriptions S.S.S.A. (old) 1939 2,203. 16 

Dues and subscriptions S.S.S.A. (new) 1939 292.56 

Dues and subscriptions S.S.S.A. (advanced) 1940 i 3 * 5 ^ 

Membership only S.S.S.A., 1939 . 20.50 

Sale of Proceedings F irst International Congress of Soil Science 95*75 

Fees,I.S.S.S., 1939 704*56 

Pees, I.S.S.S., 1939 (new) 107.50 

Fees, I.S.S.S., 1938 - 40.oo 

Fees, LS.S.S., 1940 (advanced) 9*50 


Total receipts * ^^8, 568.30 

Balance in cash, November i, 1938 * 2,723.64 


Total income * ^ *94 
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DISBURSEMENTS 


.Printing the Journal, cuts, etc . $ 9 j 7<^7-I3 

Salary, Bitsiness Manager and Editor 750.oo 

Postage, Business Manager and Secretary 184.81 

Printing, miscellaneous • 317-85 

Express on Journal and Proceedings 1 8.72 

Mailing clerk and stenographer 7^9-39 

Refunds, checks returned, etc 1 1 r .42 

Miscellaneous, expenses annual meetings, etc 3,266.26 

5.5.5. A. expenses, printing Proceedings, etc 3i4o8.53 

1.5.5.5. expenses, fees to Dr. Hissink, etc 784.69 

Total disbursemeiits ... $19,318.80 

Total income $2 1 ,29 1 .94 

Less total disbursements . 19,318,80 


Balancein checking account Oct. 31, 1939 $ 1,973.14 

Balance in trust certificate. 267.71 

Balance in savings boiids . 2,250.00 


Total assets $ 4,490.85 


Respectfully submitted, 

G. G. PoHLMAN, Treasurer. 

AUDITING COMMITTEE 

Goinmittee examined the books and found them to be in order and the 
^ accounts to be correct as reported by the Treasurer. 

Respectfully submitted, 

H. H. Laude 

P. B. SMiTHj Chairman 

OTHER COMMITTEE REPORTS 
EDITORIAL ADVISORY COMMITTEE 
'^HE Editorial Advisory Committee made the following recommendation: 

That it be replaced by an Editorial Board made up as follows: An Editor, an 
Associate Editor in Crops and an Associate Editor in Soils, and from three to five 
Consulting Editors in both soils and cnops. 

The Editor and the Associate Editor in Crops and Associate Editor in Soils 
shall be selected by the Executive Committee of the Society, They shall he re- 
appointed from year to year, but their tenure shall whenever possible be extended 
over several years. The Consulting Soils Editors and the Consulting Crops Editors 
shall be specialists in the various subdivisions of their respective subjects. They 
shall be selected by the Associate Editor in charge of the respective field. 

All papers submitted for publication in the Journal shall be directed to the 
Editor. He in turn shall refer all papers dealing predominantly with soils to the 
Associate Editor in Soils and all papers dealing predominantly with crops to the 
Associate Editor in Crops. The Associate Editors shall, with the aid of their 
respective Consulting Editors, review the papers submitted to them and. shall 
make such recommendations to the Editor as they see fit regarding their suit- 
ability for publication in the Journal, 

The Editor shall, as in the past, be responsible for preparing the manuscripts 
for the printer and for handling all correspondence with the authors of papers, 

R, J. Garber J. D. Luckett 
Merle T. Jenkins L L. Baldwin 
Richard Bradfield, Chairman 
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BIBLIOGRAPHY OP FIELD EXPERIMENTS 

'' I^HE committee has compiled a bibliography of 82 titles of the more important 
^ contributions on the methodology of and interpretation of results of field plat 
experiments, either reported since or not included in the revised bibliography 
published in the Journal (Vol. 25: 811-828, 1933; and the additions in Voh 27: 
1013-1018, 1935; Vol. 28: 1028-1031, 1936; Vol. 29; 1042-1045, 1937; VoL 30; 
1054-1056, 1938). 

ADDITIONS TO BIBLIOGRAPHY ON STANDARDIZATION OF 
FIELD EXPERIMENTS 

Ahlgren, H. L., Bohstedt, G., and Aamodt, 0. S. Problems in evaluating 
pastures in relation to other crops. Jour. Arner. Soc. Agron., 30:1020-1029. 

1938. 

Akemine, M. Analysis of variance as applied to the inter- varietal dilTcrence of 
sterility in paddy rice. Jour. Sapporo Soc. Agr. and For. 31:1-14. 1939. 
(Japanese with Eng, abs.). 

Arceneaux, G., and Stokes, I. E. Studies of gaps in sugarcane rows and their 
effect upon yield under Louisiana conditions. U. S. Dept. Agr. Cir. 521. 1939. 
Arceneaux, G., Stokes, I. E., Belcher, B. A., and Gihhens, R. T., Jr. Border 
competition in sugarcane variety tests under Louisiana and Georgia condi- 
tions. Internatl. Soc. Sugar Cane Technol. Cong. Proc., 6:403-420. 1938. 

. A study of the relation between size of field sample and experimental 

errors of juice analysis and sugar-yield determinations in ('X3iinectioii witli 
sugarcane variety tests. Internatl. Soc. Sugar Cane Technol. Cong. Proc., 
5744”759- 1938. 

Bar, a. L. S. Inteipretatie van proefveld-resultaten. (Arrangement of field ex- 
periments.). Landbouwk. Tijdschr. Wageningen 51:229-246. 1939. (Eng. 
abs.). 

Baten, W. D. Formulas for finding estimates for two and three missing plots in 
randomized block layouts. Michigan Expt. Sta. Tech. Bui. 165. 1939. 

Ba VER, L. D., and Bruner, F. H. Rapid soil te.sts for estimating the fertility needs 
of Missouri soils. Missouri Expt. Sta. Bui. 404. 1939. 

Bjerke, B. Sammenregning av observasjoner. — II, Det. trediniensjonale tilfelle. 
(Notes on the mathematical treatment of observations. — II, The three 
dimensional case.) Meld. Norges Landbr. Hisk 18:98-111. 1938. 

Blair, I. D. Studies of intensity of plant population in wheat fields. New Zeal. 

Jour. Sci. and Technol. 20:i56A-i63A. 1938. 

Borden, R. J. A modern statistical analysis for field experiments. The analysis of 
variance for simple factorial experiments. Hawaii. Planters’ Rec. 43:73-114. 

1939. 

, Studies in experimental technique. Selection of layout: Blocks 

versus Latin squares. Hawaii. Planters’ Rec. 43:7"XO. 1939. 

, Studies in experimental technique: Plot arrangement. Internatl. Soc. 

Sugar Cane Technol. Cong. Proc., 6:733-744. 1938. 

Bourne, J. B. The importance and use of appropriate assumed means in collating 
field experimental results statistically. Trop. Agr. (Trinidad) 15:247-258. 

Brown^^. E., Zimmerley, H. H., Houghland, G, V. C., Redit, W. H„ and 
Schoenleber, L. G. Further studies on the placement of fertilizer for pota- 
toes. Amer. Potato Journ. 16:81-93. 1939. . 

Buros, 0. K. (ed.). Research and statistical methodology: Books and reviews 
1933-1938, Rutgers IJniv, Press. New Brunswick. 1938. ^ - 

Carolus, R. L. The use of rapid chemical plant nutrient tests in fertilizer defi- 
ciency diagnoses and vegetable crop research. Virginia Truck Expt. Sta. BuL 
98. 1938. 

Chan-Choong, P. A. Testing large numbers of rice varieties by the quasi-factorial 
method, Agr. Jour, Brit. Guiana 10:78-88. 1939.^ 

Christidis, B. G, Further studies on competition in yield-trials with cotton. 

Emp. Jour. Expt. Agr. 7:111-120. 1939. ^ ^ 

Clark, A., and Leonard, W. H. The analysis of vanance with special reference to 

data expressed as percentages. Jour. Amer, Soc, Agron, 31 :55-66. 1939* 
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Cochran, W. G. The omission or addition of an independent vai^iate in multiple 
linear regression, joitr. Roy. Statis. Soc., Slip. 5*^ 193^* 

Cornish, E. A, Paetorial treatments in incomplete randomized blocks. Jour. 

Austral. Inst. Art, Sci. 4.^99-203. 

Costello, 13. F., and K1..1UFLE, G. E. Sampling intensity 111 vegetation surveys 
made by the square-foot density method. Jour. Amer. Soc. Agron. 31 :8oo-- 
8io. 1939. 

Crist, J. W, Intradass correlation for horticultural research. Proc. Amer. Soc, 
Hort. 80.36:347-350. 1938. 

Cullry, M. The decagon for vegetation studies. Jour. Forestry 37 :492-“493. 1939. 

CuMiNOS, G. A., and Houghland, G. V. C. Fertilizer placement for potatoes. 
IT. S. Dept. Agr. Tech. Bill. 669. 1939* 

13ABRAL, B. M., and Chiney, S. S. A note on border effects in man iirial experi- 
ments on (nttoii iitvSakraiiddu Ind. Jour. Agr. Sd. 8:629-635. 

1938. 

Dwis, f. P. A conqoarison between \delds cvdculated from the grain-vStraw ratio 
and tliose calculated, froni snwll-cut-out areas. Jour. Amer. Soc. Agron. 31: 
832-840. 1939. 

Dawson, C. D., and. Dorn, i\i. V. Plant chemiculture; a guide to e.xperiments in 
growing plants without soil. Los Angele.s, Calif., 3 ed. 1939. 

Dawson, C. D. R. An example of the quasi-factorial design applied to a corn 
breeding exiiOT Ann. Eiigeii. Cambridge 9:157-1 1939. 

Day, B. B., and Austin, L. A tbree-diniensiomi lattice desig:n for studies in 
forest genetics. Jour. Agr. Res. 59:101-119. 1939. 

Fishkr, R. a. vStatistical xnethodsfor research workers. Edinbargh and London, 
Oliver and Boyd, 7. ed. 1938. 

Fisher, R. A., and Yates, F. Statistical tables for biological, a^ictiltural, and 
medical research. London, Oliver and Boyd. 1938, 

Frankel, 0. H., and Hair, J. B. Analytical yield investigations on New Zealand 
wheat.— Ill, Nine years’ observations on two varieties. New 2eal. Jour. Sci. 
and Teclinol 2 o:244A-259A. 1938. 

Garner, F, H., Sanders, H. G., Hay, G. B., and Kemsuey, "W. P. P. Experi- 
ments on the spacing of sugar beet.— I-III. Jour. Agr. Sci. 29:48-75. 1939. 

Goulden, C. H, Methods of statistical aiiah^sis. New York, Jolin W'iley & Sons, 
Inc.' 1939- : ■ , A' / 

Harrington, J. B. The number of replicated small p>lat tests reciuired in regional 
variety trials. Jour. Amer. Soc. Agron, 31:287-299. 1939, 

Hartman, J, D. Rapid soil test.s used on plots of a vegetable soil acidity experi- 
ment. Boil vSd. Soc. Amer, Proc, 3: (1938) 138-145. 1939. 

Hasel, A. A. Sampling error in timber surveys. Jour. Agr. Res. 57:713-736; 193S. 

Hoover, M. M., and White, T. W. Integration of agrononiy-range, manage- 
ment and nursery phases of grass work. Rpit. Proc. Regional Agronomists & 
Range Examiners Conf. (U. 8, D. A. Soil Cons. vServ.), Washington, D. C., 
■8,9-10 1., 1 938. „ ■. ■' ' ■ 

Hudson, H. G. Popiulation studies with wheat.— I, Sampling. Jour. Agr. vSci. 29: 
76-110. 1939* 

Jeffreys, H. Random and systematic arrangements. BiDmetrika3i :i~8. 1939. 

Kerr, H. W. Notes on plot technique. InternatL Soc. Sugar Cane Technol. Cong. 
Proc. 6:764-'778. 1938, 

Kerr, H. W., and Stieglitz, C. R. von. Some studies in soil sampling technique. 
Technol. Commun. Bur. Sugar Expt. Sta., Queensland 9/10:205-217. 1938. 

Kristensen, M. K. XJeber das feldversuchswesen in Danemurk imd seine bedeu- 
tungfur die praktisehe landwirtschaf t. Forschungsdienst (Ncudamm) 6:376- 
390. 1938. 

LeClerg, E. L. Relatwe efficiency of quasi-factorial and randomized-block 
designs of experiments concerned with damping-off of sugar beets. Phytopath. 
29:637-641, 1939. 

MacDonald, D., Fielding, W. L., and Rxtston, 13. P. Experimental methods 
with cotton. — I, The design of plots for variety trials.— II, A study of the 
effects of seed rate and time of thinning on the development and yield of 
cotton plants in hand-planted cotton trials. Jour. Agr, Sci. 29:35-47, 418-430, 
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Mahalanobis P. C. A review of the appHcation of statistical theory to nm- 
cultural fie d expmments in India. Proc. Crops & Boils Winj- Bd. Agr, and 
Anim, Husb., India 2:200--2I5. 1937. 

Mahoney, C. H., and Baten, W, D. The nse of the analvsis of covariance and its 
limitation m the adjustment of yields based upon stand irreindaritias. Tour. 
Agr. Res. 58:317-328. 1939. 

Metheson, M. A comparison of various field ecological light measuring instru-' 
ments, and a further contribution to our knowledge of the Ihku* Hee 
photometer and the Livingston radio atmometer. So. Afr. Jour. Sci. 35:263- 
273. 1938. 

Moffatt, J. R. Agricultural methods adopted in the Rotliamsted classical and 
modern field experiments. Emp. Jour. Expt. Agr. 7:251-260. 1939. 

Moser, F. The adaptability of rapid chemical tests for use in determining the 
nutrient needs of South Carolina soils. Jour. Amer. Soc. Agron. 31 :i88' 199. 
1939^ 

Murray, W. G., Englehorn, A. J., and Griffin, R. A. Yield tests and land 
valuation. Iowa Expt. vSta. Res. Bui. 252. 1939. 

Norton, E. A. Soil conservation survey handbook. U. S. Dept. Agr. Misc. Pub. 

352. 1939. 

Page, H. J. The uses of statistics in field experiments with rubber trees. Part 11. 
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vSOIL TILTH 

Joint Committee on Soil Tilth has been given the assignment of co- ^ 
^ operating with a similar committee in the Aimrican Society of Agricultural 
Engineers to help determine or suggest a "measure of soil condition or tilth”. 
The most difficult part of this assignment is to thoroughly understand what is 
meant by tilth. It is necessary to define tilth before methods for characterizing it 
can be designated. Due to the fact that most concepts of tilth do not agree in all 
respects, it will not be the purpose of this report to propose a definition of tilth 
to be used as a standard. An attempt will be made, however, to characterize the 
physical condition of the soil which is included in the concept of tilth. 

Tilth is commonly defined as "the physical condition of the soil in its relation 
to plant growth”. Let us visxialize what this definition implies. In the first place, 
it is obvious that soil structure relationships constitute a large part of this physical 
condition; adequate aeration, sufficient moisture, ready infiltration of rainfall, etc. 
are characteristics of good tilth. But, does tilth only refer to structural relation- 
ships? When one thoroughly analyzes tilth he is immediately impressed with the 
fact that tilth also includes certain phases of soil consistency. 

A soil in good tilth from the point of view of structure is generally described 
in terms of consistency. For example, such a soil is said to be mellow and friable; it 
handles easily. Friability is one of the major forms of soil consistency. It represents 
that stage in the soil-moisture curve where there is sufficient moisture around the 
particles to overcome the cohesive forces between the particle surfaces but not 
enough of a moisture film to cause plasticity. Therefore, it seems that we define 
tilth on the basis of certain structural properties of the soil that are manifested 
within a given range of soil consistency. In other words, we designate first the 
consistency range and then define the soil structure relationships that are involved 
in tilth within this range. For example, if one examines a silty clay loam soil when 
it is too wet or too dry, the impression of good tilth is rarely obtained. The soil 
does not handle well in either case and conditions are not favorable for good plant 
growth.. ■ 
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It is significant to point out that the range of friability in which tilth reaches ati 
optimum from the standpoint of plant growth also is the same range in which the 
soil can be tilled with the least output of power and with the best ciTeets 
granulation. In other words, even though tilth is defined primarily on tlie basis of 
plant growth effects, the physical conditions so characteristixed in good tilth for 
plant growth are usually, not always, favorable to good tillage. In many instances, 
tillage is responsible for the achievement of good tilth. 

Therefore, irrespective of how we define tilth, let us keep in mind that it refers 
to certain structural conditions of the soil within a given range of consistency. 

Various methods have been proposed to measure soil tilth. Keen and his 
associates in England have attempted to use the size-distribution of various clods 
as a measure of tilth. Soils were screened dry in the field. This technique has been 
modified recently along the lines of the Russian investigators, who wet-sieve the 
soil in benzene. The English workers attach considerable importance to tlie 
amount of material finer than inches in diameter. 

Several Russian investigators have emphasized the importance of granulation 
and porosity as measures of tilth. Most of their results indi«a:ite that a seedbed 
constituted of aggregates from 2 to 3 mm. in diameter is the best for plant growth. 
The soil pore space should be about equally divided between capillary and non- 
capillary pores. When the non-capillary porosity is lower than 10% by volume of 
the total soil, there is poor tilth. Von Nitzsch of Germany also employs x:)ore space 
as a criterion of good tilth. 

Yoder of Alabama and Baver of Ohio have obtained a eonsiderable amount of 
data to show that the non-capillary porosity of the soil is a reliable index of tilth 
in relation to plant growth. The former has showm that cotton jdelds on firtificially 
prepared seedbeds are definitely associated with non-capillary porosity of these 
seedbeds. The latter has observed that the production of greenhouse soils and 
sugar beet soils are closely related to the non-capillary porosity. Of course, non- 
capillary porosity is related to granulation in most cases. 

Henin of France has used a penetrometer to obtain an index of tilth. This in- 
strument measures the force of penetration of a metal point into the soil as a 
function of depth. The force required for penetration is considered an index of 
tilth. Schofield and his co-workers in England have proposed that (’ompressibility 
be used to measure tilth. The more that a soil can be compressed, the better the 
tilth; the amount of compression in this case denotes the extent of loo.seness. 

The methods of Henin and Schofield measure both (‘onsistency and stnudurid 
effects. Penetration and compressibility are primarily dc?pendent upon soil 
sistency but vary with structure. In other words, for a. given soil striudure, 
penetration and compressibility will vary with consistcnc'y. Therefore, althottgh 
these types of determinations offer comsiderabla possibilities for obtaining an 
over-all measure of tilth, they have not been characterized adequately enough as 
yet in terms of other soil properties. 

Methods based upon granulation and poi*osity seem to thi.s Committee to offer 
the most promising means at the present for characterizing soil tilth. Determina- 
tions of porosity must include not only the total porosity but also the relative 
distribution of the large and small pores. Cores of soils in their natural structure 
should always be used. The ideal technique would be to obtain a complete ])F 
curve (size- distribution of pores) on each core sample. This reejuires considerable 
time. In case the obtaining of a complete curve is not possible, sufiiciently reliable 
results can be had by determining the non-capillary porosity as the difference in 
the air capacity at zero tension and at a pF of 1,5 to 2.0. A clod or aggregate 
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iiiialysis of the seedbed will undoubtedly give valuable supplementary data to 
help mteri)ret the porosity results. Sucli an analysis may be made either by dry 
sieving, sieving in benzene, or sieving in water. The stability of a given tilth Lon- 
kition can probably be estimated from the differences between sieving in water 
and in benzene. 

Therefore, this Committee recommends that the following measurements serve 
as an index of tilth, with the most desirable first : 

1. Determination of total capillary and non-capillary porosity on undisturbed 
core samples of the soil. 

2. Aggregate and clod analysis of the soil. 

3. From a purely research point of view to obtain any information on penetra- 
tion or compressibility that it might be feasible to procure. 

J. F. Lutz R. J. Muckenhirn 

H. E. Middleton L. D, Baver, Ctonwaij 


D 


VARIETAL vSTANDARDIZATION AND REGISTRATION 

URING the year, the Committee registered four varieties of wheat, five 
varieties of oats, one variety of barley, and one of cotton, as follows: 


WHEAT 

Wabash, Reg. No. 324, developed cooperatively by the Purdue University 
Agricultural Experiment Station and the U, S. Department of Agriculture. 

Renown, Reg. No. 325, Coronation, Reg. No. 326, and Regent, Reg. No. 327, 
developed by the Dominion Rust Research Laboratory, Cereal Division, Winni- 
peg, Manitoba, Canada, of the Dominion Experimental Farms System. 

OATS 

Boone, Reg, No. 87, Hancock, Reg. No. 88, and Marion, Reg. No. 89, developed 
ill cooperative experiments by the Iowa Agricultural Experiment Station and the 
U. S. Department of Agriculture. 

Fulwin, Reg. No. 90, and Tennex, Reg. No. 91, developed by the Tennessee 
Agricultural Experiment Station. 


BARLEY 

Rex, Reg. No. 8, developed by the University of Saskatchewan, Saskatoon, 
Sask., Canada. 

\ ,.:.,UOTTON , 

Texacala, Reg. No. 35, developed by John D. Rogers, Navosota, Texas. 

Descriptions of these varieties, and the yields and other records that form the 
basis for registration, are being prepared for publication in the Journal. 

Requests have been received for the registration of improved varieties of flax, 
sweet clover, and alfalfa. These requests were received at too late a date to cir- 
cularize all members of the committee. In order to expedite the registration of 
these three crops, the committee requests authorization by the Society to approve 
their registration when, after canvassing the entire committee membership, such 
registration is deemed desirable. The committee also desires authorization by the 
Society at this time for preparing necessary rules and regulations, and specific 
requirements, for registering flax, sweet clover, and alfalfa, and also requests that 
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the President of the Society be authorized to ax)pomt members of the Committee 
on Varietal Standardization and Registration who shall serve as specialists for 
handling the registration of the three crops* 

H.B. Brown H, K. PIayes T. R, vStanton 

J. Allen Clark R. E. KL^rper G. H. Stringfield 

E.P. Gaines W. j;Morse M* A. McCaix, 

EXTENSION PROGRAM 

V^E ARE pleased to report the largest attendance of extension agronomists 
V V at any meeting in the history of the Society* The large attcndam^e of ex- 
tension agronomists made possible several valuable regional and subject matter 
conferences as follows: (a) Conference on production of winter legume seed in- 
cluding x^roblems inherent in AAA grants of aid; (b) conference on seed certifica- 
tion in the South; and (C) conference on policies concerning distri but i(3n of new 
alfalfa varieties. There may be similar problems which will make liighly desirable 
attendance of extension agronomists at future meetings. 

We recommend (a) that the name of the committee on Extension Program be 
changed to read, Committee on Extension Participation; and (b) that the Chair- 
man of the Committee be a member of xerogram committees. 

J. S. Owens Earl Jonils 

0. S* Fisher J. C. Lowery, Chairman 

STUDENT SECTIONS 

T he addition of the University of Tennessee to inembershij^ in the Student 
Section of the American Society of Agronomy makes a total of 19 institutions 
having chapters. 

The national officers of the Student Section issued a news-letter early this fall. 
A meeting is planned at the time of the International Grain and Hay Show in 
Chicago, 

Some 85 essays were entered in the Society’s essay contest. The topic for this 
year’s contest was, “The Work of Early American Agronomists”. The authors of 
the 10 best papers were; i, Melvin H. Kreifels, University of Nebraska; 2, George 
R, Page, University of Minnesota; 3, Emil O. Haudrich, University of Illinois; 
4., Loren E. Juhl, University of Illinois; 5, Lawrence Treakle, University of 
Nebraska; 6, Carl A. Rovey, University of Arizona; 7, C. Rudolph Gustafson, 
University of Minnesota; 8, Benjamin Westrate, Michigan vState College; 9, Er- 
nest J. Guilloud, Jr., Texas A. & M:. College; and 10, Harold Johansen, University 
of Minnesota. 

It is recommended that the abstracts of the three best papers be printed in the 
Journal as a part of this rexiort. 

The committee proposes that the Society continue to sponsor the essay contest 
for another year and urges that members of the Society stimulate more students 
to participate in this activity. 

G. H. Dungan J. W. Zahnlky 

A. L. Frolik H, K. Wilson, Chairman 

J. B. Peterson 
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THE WORK OF AN EARLY AMERICAN AGRONOMIST 
By Melvin H, Kreifels, University of Nebraska 

D r, Thomas Uytxleton Lyon probably did more outstanding work in the 
field of agrononi}^ than did any other man of liis time. Most of his work was 
done in soils with emphasis on soil nitrates. His outstanding contribution to 
nitrogen research has been to develop a fuller and more fundamental knowledge 
of the natural factors which control the supply of nitrates in the soil. His investi- 
gations include the influence of cropping system on nitrate formation, the in- 
fluence of soil moisture and tillage operations on nitrate production, factors which 
contribute to the loss of nitrates by leaching, influence of green manures on supply 
of nitrates and of total nitrogen in the soil, and the effect of mechanical conditions 
of the soil on the availability of sodium nitrate. 

From his work Lyon was able to draw conclusions which have been used to this 
day. The plant has a definite effect upon the soil solution. The i-elative quantities 
of certain anions and cations in solution influence the rate of the nitrifying 
process. Organic matter affects bacterial activity which brings about the trans- 
formation of energy. Alfalfa soil produces nitrates more rapidly than does timothy 
soil because of the direct effects of the plant on nitrate production, however there 
is little difference in the total amount of nitrogen present in the two soils. The 
green plants and the organisms in the soil compete for the nitrogen present. Part, 
or possibly all of the nitrogen which is utilized by the organisms is not lost but 
remains in the soil. 

The amount of lime in the soil does not affect the loss of nitrates by leaching, 
but it does affect the loss of magnesium. Under normal conditions the total 
quantity of bases is less in di'ainage water of limed soil, however the presence of 
potassium sulfate increases the loss of calcium by leaching. 

At Nebraska Lyon worked on wheat and meadow and forage crops. In breeding 
of wheats he found that the gliadin and glutenin content of wheats could be in- 
creased along with an increase in yield. By selecting over a period of years, yields 
of wheat high in nitrogen could be raised to the level of that which the heavy 
large kernels produced. Generally the production of nitrogen in wheat per acre is 
greater in dry years. Lyon found brome grass to be best adapted to Nebraska 
conditions with the exceptions of meadow fescue and orchard grass. Alfalfa is the 
best forage plant, its value lying chiefly in the production of hay. 

While at Nebraska Lyon was instrumental in obtaining cooperative experi- 
ments between the U. S. Dept, of Agriculture and the several stations scattered 
throughout the United States. He published several books. His grain grading texts 
and his soil books are used in almost every agricultural college. 

THE WORK OF AN EARLY AMERICAN AGRONOMIST 
By George R. Page, University of Minnesota 

^ILLET Martin Hays was born October 19, 1859 on a farm in Hardin County, 
Iowa. When he was 12 years of age, liis father died, and he and an older 
brother became the active operators of the farm supervised by their mother. 
This was his frontier. 

While a student at Iowa State College, he was given part-time employment on 
held crops experiments, thus gaining his first insight into scientific methods. Upon 
graduation from Iowa State College in 1885, he served for a year as an assistant 
to Mr. S. A. Knapp, then agriculturist at the Iowa State College and Experiment 
Station. It was at this period that agitation for experiment station work was at its 
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height. As a consequence, Hays found himself in an atmosphere saturated with 
the idea of science in its application to agriculture, and he became thoroughly 
inbred with a desire to promote this type of research and education. 

The research frontier was oi^ened to Hays by the passage of the Hatch Act in 
1887, which marked the advent of federally endowed experiment statioii work. 
The organization of state experiment stations proceeded rapidly and created a 
demand for men trained in science and in agriculture. Hays was drafted when the 
Minnesota School of Agriculture was organized in 1888. He was appointed to an 
instructorsliip in agriculture in the school and served as assistant agriculturist in 
the Experiment Station under Director E. D. Porter. 

Here he found two frontiers which strongly stimulated his imagination and 
ambition. His training and experience were such as to fit him for just such a 
situation. With characteristic foresight and vigor he began the attack. His fix*st 
experiments were a study of the root habits of corn and other plant.s, which led to 
a new understanding of the principles involved in tillage. His contributions to 
these subjects proved stimulating to workers in other stations and led to definite 
; improvement in tillage operations and in the methods of crop production. 

Hays conceived the idea that “there are Shakspears among plants”. Recogniz- 
ing the individual plant as a unit of improvement and being cognizant of the 
effects of hybridization, he set about finding ways to breed plants so that he 
might “find the Shakspears”. 

Introductions of varieties and samples of wheat were made and approximately 
200 studied as early as 1889. Field and laboratory methods were developed for 
planting, harvesting, and studying the progeny of selections and a standardized 
program of breeding methods with small grains was formulated. The importance 
of quality was recognized and milling and baking studies were essential part of 
the early wheat-breeding program. 

The importance of selection was clearly recognized. The methods adopted for 
self-pollinated plants consisted of an initial selection of promising individuals in 
field plots and their progeny study in centgener plots, e.g. 100 plants. Among 
commercially important early production of Minnesota plant breeders were two 
^varieties of wheat, Improved Fife (Minn. 163) and Haynes Bluestem (Minn. 169) 
and Minn. No. 13 Com, Of equal or greater potential value was the emphasis on 
the scientific importance of attacking problems in plant breeding on the basis of 
learning the fundamental principles involved. 

Recognizing the influence of environment in affecting changes in plants and in 
bringing out new adaptation, Hays advocated the establishment of branch sta- 
tions. The five branch agricultural experiment stations of Minne.sota stand as a 
monument to his wisdom and foresight. 


THE WORK OF EARLY AMERICAN AGRONOMISTS 
By Emil Haudrich, University of Illinois 

AGRICULTURE always was, and still is, the most important field of science. 

Our knowledge of this field at present is still rather limited, although for 
^'■ears men have spent their entire lives uncovering facts relating to the science 
of agriculture, 

Cyril George Hopkins was one of these men. He was bom upon a farm near 
Chatfield, Minnesota, in 1886. In 1894 he came to the Agricultural Experiment 
Station of the University of Illinois. He was a hard and conscientious worker and 
soon became a prominent man there. 
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He first worked on plant improvement but soon shifted his interests to soils 
where he did his most outstanding work. He won renown for advocating the 
Illinois system of permaiient agriculture which recognizes plant food as the limit- 
ing factor in crop production. In furtherance of his teachings Doctor Hopkins 
established experimental fields in various parts of the state and was also instru- 
mental in making the first soil survey in Illinois. 

The outstanding characteristic of Doctor Hopkins was that he took special 
pains to make his findings and his teachings practical and understandable, so that 
every farmer could put them into practice and benefit directly therefrom. When 
we think of the things that he has done, and what the farmers who practiced his 
teachings have done, we can see the real significance of his work. By his thorough 
and accurate scientific research, his practical application of his findings, and by 
the self-sacrificing way in which he preached the gospel of soil fertility , he won the 
respect and confidence of scientists and farmers alike. 

Doctor Edw^ard Murray East was another early American agronomist who did 
much for agriculture. His chief interest was plant breeding, on which he was an 
authority. He was bom at DuQuoin, Illinois, in 1879. He started his career at 
the University of Illinois, but did his most outstanding work at the Connecticut 
Experiment Station, and also at Harvard University. 

Doctor East did some research work on the improvement of such crops as 
potatoes and tobacco, but his chief interest was corn. He was one of the first 
breeders who did extensive research to determine the application of Menders 
Laws of Heredity to our faxmi crops. 

He began experiments in 1905 ^0 determine the results of inbreeding and 
hybridizing corn. When we realize that as early as 1909, a method for the com- 
mercial utilization of hybrid corn was outlined that differs only in minor details 
from that now in use, we can appreciate the work of Doctor East in this field of 
genetics. 

When we consider that he developed a scientific method of corn breeding, and 
contributed greatly to the establishment of the laws underlying the inheritance 
of measurable characters, we can readily see why he is considered among the great 
sctientivsts of America. c 

Through the pioneering work of our early American agronomists the corner- 
stone of scientific agriculture has been laid. Now it is the task of present and 
future agronomists to build on this foundation. 

FERTILIZERS 

Suhcommitiee on Soil Testing , — During the year the Subcommittee on Soil 
Testing, with the help of the Division of Soil Chemistry of the U. S. Bureau of 
Plant Industry, assembled a collection of 31 standard soil samples of widely vary- 
ing genetic and geographic origin. Sub-sample collections were submitted to 
workers in several states for correlative testing, the understanding being that 
workers were to employ any desired methods and report their results to the chair- 
man of the Subcommittee. Preliminary study of 15 sets of data so far submitted 
shows a fair degree of consistency between the results of different workers and 
between different methods. There are, however, rather clear indications that the 
same technics cannot be employed saitsfactorily with all soils, also that standards 
of interpretation vary considerably among individual workers. It is planned to 
continue this work and it is hoped that when the results of chemical studies noxv 
being made on these soils by the Division of Soil Chemistry are available, the 
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reasons for variations and apparent discrepancies among methods may be eluci- 
dated. Sets of check soils for correlation of ‘'quick test” methods are still avail- 
able for distribution on request through Dr. li. G. Byers, Division of Soil Chem- 
istry, Bureau of Plant Industry, Washington, D. C. 

M. F. Morgan, Chairman 

Subcommittee on Fertiliser Grades, —Through the cooperation of a group of 
fertilizer manufacturers operating well over loo factories and supplying approxi- 
mately 45% to 50% of the fertilizer used in this country, exclusive of the Pacific 
Coast, confidential data were obtained concerning the cost of manufactuniig and 
marketing a large number of fertilizer analyses. These data reveal thrit as the 
number of fertilizer grades is increased there is a marked increase in cost of pro- 
duction due to loss of time in making changes froni one analysis to ariother. This 
loss may amount to from one-fourth to one-lialf the possMe output of a plant 
depending on the number of changes made and contributing factors. Increased 
capital investment for storage, loss of power, cost of regiBtration, loss of time in 
printing bags, and increased cost of chemical control make further substantial 
additions to the cost of supplying a large number of analyses. The Cominittee is 
indebted to Mr. D. D. Long for collecting and summarizing the data. 

A committee in the northeastern states under the leadership of Professor M. P, 
Morgan has held several conferences of representatives of the inelustry, agrono- 
mists, and members of the Soil Improvement Committee of District i. It was 
agreed to work toward (i) a minimum of 20 units in accepted grades, (2) a mini- 
mum of 8% nitrogen or potash or the two combined in accepted grades, (3) 
publicity and endorsement of agronomists’ recommended ratios for specific crops, 
A list of 12 ratios w’^as agreed upon as generally suitable for New England condi- 
tions and acceptable grades were approved for the 1940 season. Three ratios were 
accepted as meeting the special needs of tobacco in New^ England. 

Middle Atlantic states have also come to an agreement concerning a list of 
ratios and grades to be recommended in the various states, 

A comparison of the anatysis and number of grades recommended by agrono- 
mists and offered for sale in the various states has been made. The number of 
grades recommended in a state varies from 10 to 30. The number of grades ofi'ered 
for sale in a state runs from 10 to 109. In one state, 14 of the recommended grades 
were not offered for sale and the number of unrecornmendcd grades offered for sale 
varied from 16 to 91. The number of gradCvS I'ccoramended in both of two adjoining 
states varied from 3 to 19. The number of grades offered for sale in only mie of two 
adjoining states ranged from II to 1 1 4 . 

There is evidently much oijportunity for agronomists to cooperate with each 
other and with the industry in unifying recommendatioais and for representatives 
of the industxy to restrict offerings. 

C. E. Millar, Chairman 

Subcommittee on Symptoms of Malnutritiori in Plants,— ^ members of the 
Subcommittee have spent the year collecting and preparing suitable material for 
the x>roposed book on “Deficiency Symptoms”, Mr. Gove Hambidge of the II. S. 
Dept, of Agriculture has been selected to edit the material and has already gone 
over the subject matter for the tobacco chapter. A conference w’-as held with a 
possible publisher who reacted favorably in. regard to handling the x)ublication. 
It is hoped that other publishers can be approached when the chapter authors sub- 
mit additional copy. The financial sponsorship of the book is now^ finally assured. 
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At a meeting of the Subcommittee in Washington on October 13 good progress 
on preparation of material was reported by all chapter authors and it was the 
opinion of most authors that th.e3^ could have their material ready by Januaiy 
I, 1940. 

J. E. McMurtrey, Chairman 

SubconimiUee on Fertilizer Reaction. — The vSubcommittee has continued to 
sponsor investigations on the factors influencing the availability of different 
sources of magnesium in complete fertilizers. This work was completed during 
the year and was reported to the Association of Official Agricultural Chemists at 
a recent meeting in Washington. The data are being utilized by that organization 
in evaluating different analytical methods for available magnesia in complete 
fertilizers. The Subcommittee continues to sponsor field experiments on several 
problems relating to the use of acid vs. non-acid forming fertilizers. In this they 
have received fine coopei'ation from several state experiment stations and the 
Division of Soil Fertility of the Bureau of Plant Industry. 

F. W. Parker, Chairman 

Subcommittee on Methods of Fertilizer Application. — The Subcommittee has 
continued to participate in the work of the National Joint Committee on Ferti- 
lizer Application. The extensive program on machine placement of fertilizers has 
been continued and last j^ear included 157 experiments at 70 locations in 26 states 
and involved 30 different crops. Increased attention is being given to fertilizer 
placement on organic soils and on irrigated land. Studies dealing with localized 
applications of fertilizer simultaneously at two depths instead of the customary 
single depth give promise of better efficiency under varying moisture conditions. 
Promising results have also been obtained in experiments in which the three 
fertilizing elements have been placed differentially with respect to the seed or 
plant, also in experiments in which nitrogen fertilizers have been incorporated by 
plowing under with crop residues. Increased attention is being given to certain 
of the more fundamental conditions affecting fertilizer application and it is ex- 
pected that these studies will permit greater refinement in methods to meet varia- 
tions in climate and soil. 

Robt. M. Salter, Chairman 
PASTURE IMPROVEMENT 

'^HE Joint Committee on Pasture Improvement during the past year has 
^ been concerned primarily with the inter-Society organization and the develop- 
ment of a procedure for going forward with the joint work on the comparative 
nutritive value and relative cost of forage and other crops. Your previous Chair- 
man, P. V. Cardon, succeeded in bringing about the organization of an inter- 
Society Committee with representatives from the American Society of Animal 
Production, American Dairy Science Associatioii, Canadian Committee on Pas- 
ture and Hay, and the American Society" of Agronomy. Each Society has given, or 
will give, consideration to the joint problem at its summer or fall meetings. 

A ^'Grassland Conference” was held in conjunction with the joint summer meet- 
ings of the Northeastern and Corn Belt Sections of the Society at Wooster, Ohio. 
In addition to a number of other topics of interest to specialists concerned with 
grassland management and improvement, there was a discussion of ‘‘methods for 
,, evaluating pastures in relation to each other and to other harvested feed crops”. 
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A report on the conference was prepared, mimeographed and distributed to those 
in attendance at the meeting, and others interested in pasture improvement* A 
resolution was passed to the effect “that future conferences be held, and. that re- 
ports of the discussions be forwarded to Experiment Station Directors and ail 
other interested individuals”. The following extract from the report of the “Grass- 
land Conference” indicates the nature of the discussion on the comparative 
nutritive value of forage and other crops: 

“Pasture improvement based on findings of Experiment Station workers and 
others has not found as wide a reception among farmers as the condition of mil- 
lions of acres of pasture land would appear to warrant. This is believed to be due 
in large part to the scarcity of information relative to (i) the value of pasture 
crops in relation to each other and (2) the value of p:isture crops in relation to 
other harvested feed crops when grown under similar soil and cultural conditions. 
At present 13 widely different methods are used in evaluating pastures and im- 
proved pasture practices. There is need for a standardization of methodology. 
Any method of evaluation should be based on livestock and livestock products 
produced and must consider maintenance, production, gains or losses in live weight 
and supplementary feed required, 

“It was suggested that the feeding value of different pasture crops be deter- 
mined by (i) grazing on comparatively small replicated areas under field condi- 
tions, (2) feeding the harvested green forage under standardized controlled con- 
ditions, (3) feeding the harvested forage as hay and (4) feed the harvested forage 
as silage.” 

Another grassland meeting was held at the Great Basin Branch Station of the 
Intermountain Forest and Range Experiment Station, Ephraim, Utah. A report 
on the meeting was made by the U. S. Forest Service, under the title “Proceed- 
ings of the Range Research Seminar, July IO--22, 1939”. Special consideration was 
given to nutritional problems. The following extract indicates the nature of the 
discussion: 

“The necessity for detailed information on nutritional problems of range live- 
stock is becoming more and more evident as range management progresses. The 
utilization standards studies in particular have shown the need for more definite 
information on nutritional values of range forage plants through the season and 
in relation to different degrees of use. Animal nutrition studies have been the 
subject of experimentation for a great many years by State Agricultural Experi- 
ment Stations. 

‘ ‘ Most of the effort of these institutions, however, has been expanded on animal 
nutrition studies under feed lot rather than range conditions. Before the Agri- 
cultural Experiment Stations can expand their program of research to include 
nutritional studies of range plants and animals, additional funds, equipment and 
personnel will be needed. The degree of participation by the Forest Service should 
depend largely on the adequacy of coverage within the held of endeavor; that is, if 
the state institutions satisfactorily provide the needed information on nutritional 
phases, participation then should be restricted to cooperative assistance. 

“The tentative program of western- wide determination of chemical analyses of 
range plants prepared in 1938 by the Bureau of Animal Industry and the Forest 
Service represents a beginning in the interpretation of range nutritional problems. 
As a basis for preparation of further programs of this nature your committee de- 
sires to list some of the specific nutritional problems of range livestock and range 
plants that need investigation: (i) Forage requirements of the grazing animal; 
{2) Nutritional values of range forage plants in relation to degree, season, kind of 
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use, past treatment, and soils; (3) Relation of nutritional values of various vege- 
tation types to forage acre requirements and to the growth, maintenance and 
production of grazing animals; (4) How to handle areas of seasonably palatable 
forage on a year-long basis; (5) Effects of different methods of handling on the 
nritrition of range animals; (6) Effect of elapsed time, including weathering, on 
nutritional values of range forage plants, and (7) Nutritional values of the prin- 
cipal range forage species by actual feeding tests.” 

It is evident from the several conferences held to date that the desired progress 
on this important topic cannot be made satisfactorily until the necessary assist- 
ance is made available to (i) compile available information as an aid in the formu- 
lation of experimental work for distribution to investigators interested and in a 
position to give consideration to studies of relative values of pasture, forage, and 
other crops; and (2) the development of a carefully conceived investigational 
procedure for consideration by agronomists and animal specialists interested in 
pasttire research. Funds are being sought for this purpose. 

John Abbott R. D. Lewis 

B. A. Brown O. McConkey 

P. V. Cardon George Stewart 

D. R. Dodd Paul Tabor 

C. R. Endow 0 , S. Aamodt, Chairman 

RESOLUTIONS 

TT BECOMES the duty of the Committee on Resolutions to announce the 
deaths of the following members of the American Society of Agronomy during 
the past year; Dr. J. G. Lipman of New Jersey; Dr. C. F. Shaw of California; 
Dr. F. W. Tinney of the Bureau of Plant Industry located at Madison, Wisconsin ; 
Dr. A. A. Bryan of the Bureau of Plant Industry located at Ames, Iowa; Professor 
J. G. Hutton of South Dakota; and Professor F. T. Musbach of Wisconsin. 

On behalf of the American Society of Agronomy the Committee makes this 
announcement with regret and a feeling of real loss. Detailed accounts of these 
men are attached to this report and will be published in the Journal. Shall vre 
stand in a moment of silence in honor of these agronomists. 

M. F. Miller ’J.D.'Lvckett, ex-officio 
R. L Throckmorton P. D. Keim, Chairman 
0 . S. Aamodt 

ARTHUR ALFRED BRYAN 

ARTHUR ALFRED BRYAN, Agronomist, Division of Cereal Crops and 
Diseases, Bureau of Plant Industry, U. S. Dept, of Agriculture, died at his 
home, 712 Ridgewood Avenue, Ames, Iowa, on the morning of February 22, 1939. 
He had been in poor health for two or three years and his illness had confined him 
to his home for several weeks. 

Doctor Bryan was born at Princeton, Missouri, on December 2, 1890. lie 
entered the College of Agriculture of the University of Missouri in 1912 and 
graduated with the degree of B.S. in Agriculture in 1915. He was granted the 
Master’s degree by the Iowa State College in 1925 and the Ph.D. degree by the 
same institution in 1931, From. February 1916 to December 1917 he was Scientific 
Assistant in the Office of Corn Investigations of the Bureau of Plant Industry. In 
December 1917 he was transferred to the Office of Western Irrigation Agricul- 
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ture and was Acting Superintendent of the San Antonio Experiment Station, Sati 
Antonio, Texas, until February 1920, when he resigned his position and engaged in 
farming in southwestern Texas. In July 1922 he was appointed Junior Agronomist 
in the Office of Cereal Investigations and assigned to the Iowa Agricultural 
Experiment Station in charge of the agronomic phases of the cooperative Iowa 
Corn Yield Test carried on by the Iowa Corn and vSmall Grain Growers’ Associa- 
tion, the Farm Crops Section of the Iowa Agricultural Experiment Station, and 
the Office of Cereal Investigations. He remained in this work until January 1934 
when he was placed in charge of the cooperative Iowa Corn Improvement Pro- 
gram. From that time until his death his efforts were concentrated on the breeding 
phases of corn improvement. 

In the passing of Doctor Bryan we who were closely associated with him have 
lost a friend whose integrity, sincerity, and kindliness were unfailing. We have 
not known a man who set higher moral standards for himself and attained them in 
so quiet and unassuming a manner. He gave unsparingly of himself to all tliose 
associated with him as well as to religious and civic organizations. 

Doctor Bryan was an extremely diligent and painstaking worker. The high 
scientific esteem in which the Iowa Corn Yield Test is held is largely the rcisiilt of 
his efforts. Through his interest in statistical methods and improved plot technics 
he has maintained a standard of perfection in the Yield Test that has made it an 
outstanding example for experiments of this kind. 

Doctor Bryan is survived by his widow, the former Miss Jessie Miller of New- 
ton, Missouri, and by his daughter Phyllis, a junior in Home Economics, at Iowa 
State College. He also leaves two brothers, Reece Bryan, of Princeton, Missouri, 
and Roy Bryan, of Mercer, Missouri, and a sister, Mrs. Ike Hoover, of Princeton, 
Missouri. — Merle T. Jenkins. 

JOSEPH GLADDEN HUTTON 

'^HE American Society of Agronomy lost a valuable member in the death of 
^ Professor Joseph Gladden Hutton, in Brookings, South Dakota, Sex)tember 23, 

1939. 

Mr. Hutton was bom near Montecelo, Indiana, November 3, 1873. He was the 
son of William H. and Mary J. (Gladden) Hutton. He was reared on a farm and 
attended a one-room district school. He later attended the Indiana State Norma) 
University at Terre Haute, from which institution he graduated. As a student 
there he came under the tutilage of Dr. Dryer. He was also assistant in biology , 
1898-1900. He was principal of high school and later superintendent of schools, 
Beardstown, Illinois, 1901-08; received Ms B.S. degree from the University of 
Chicago, 1908; and his M.S. from the Univ^ersity of Illinois, 1910. He served as 
assistant in geology, University of Illinois, 1908-11. June 15, 1904110 was mamed 
to Emilie (Feddersen) Hutton; children, Helma Louise (Atrs. H. L. Kell), Mary 
Erne-Jean (Mrs. Moras Schubert), and Joseph Gladden Jr. 

Professor Hutton came to South Dakota State College and Experiment Station 
in June, 191 1 , and served this institution continuously as Associate Agronomist in 
charge of Soils Instruction and Research until the time of his death. He was 
granted leave from March 5, 1935, to October i, 1936, to cooperate with the U. S. 
Soil Conservation Service. 

Whatever Mr. Hutton did throughout Ms career was accurately and thoroughly 
carried out. The following paragraph received from the Registrar of bis Alma 
Mater in reply to an inquiry for the usual information about his undergraduate 
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“ admitted to the University of Chicago on July 3, 

'“h^ ^ S?-*- ■«“• “ “'/'iT' r*' tf 

He ^ L fGeoloKv) in 1910. He had studied Geology with 

received his degree of M.S Cushing In the latter part of his 

Prnfpwor T E. Savage and Professor b. W . ousniiig. ±11 , n n 

Hlrtos 14 "^xtoent?r f 

Si "oSTi”- 5-«» • “«“■ *■? 

regarded by his colleagues as one of the most competent men in the country-or in 

'^t wts his definite proposition when he came to South Dakota in 19 H to con- 
triblte to knowledge in soils with especial reference to correlation between 
eilSc formation and soil type. It was his belief that such correlation is not 
geologic torma clearly emphasized in previous 

yLrs ’AWrappreciative of the work of others, his belief in the matter just 
M^tedTnd his previous training gave direction to his later teaching and in- 
vestigational work. He learned the relation between 

from C G Hopkins, and what he learned he never forgot. The following statement 

relative to Mr Hutton's connection with the American Society of Agronomy was 
contributed in the following reply from Dean M. F. M.iller. _ 

“I find that his large contribution was in connection with the Soil S y 
Association He was Vice-president of this Association in 1928-29 and President 
fnT929-30 He served on^number of committees, the most important of which 

'^^‘‘Chairmrrk the Committee on Soil Color Standards, 1920-1932. He did 
much original work in connection with his assignment, making a real contribution 
to the methods of evaluating soil colors to be used in connection with soil classifi- 
cation. He presented reports at the annual meetings regularly dunng this 12-year 

“Chairman of the Committee on Land Use, 1932 - 33 - This was in the early ^ys 
of the interest in land-use activities, and a committee was set up m the SoilHurvey 
Association for this purpose. However, this was ^seontinued in 1933 un . 

title and was set up as a committee on Soil Conservation. 

“Chairman of the Committee on Soil Conservation, 1933-36. He presented 
regular reports in connection with this important subject during th^e eventful 
years. However, in 1936, the Soil Survey Association was merged with the boils 
Lotion of the American Society of Agronomy, and these various committees were 

“Professor Hutton was widely known among soil scientists for his work in con- 
nection with soil classification and soil survey. He was a regular attendant at the 
annual meetings and each year appeared on the program. He had a host ot 

The foregoing activities in connection with scientific soils organizations— state, 

. national, and international-may be regarded as important, and withall as 
as effective as any other work he did. He labored diligently at it, much of the time 
intensely. During his period of work in South Dakota the state legislature finance 
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a state soil survey through the years 1917-27, during which time Mr. Hutton was 
in direct charge of soil survey and soil research for the state. Nine counties were 
surveyed in cooperation with the then U. S. Bureau of Soils. The late Dr. C. F, 
Marbut was director of the Soil Survey and W. I. Watkins, cooperator liei*e in the 
field. The late Thomas D. Rice was inspector. More recently a soil area map (un- 
published) was composed as a result of a survey of South Dakota by Joseph 
Gladden Hutton and W. I. Watkins. The foregoing soil surveys directed or parti- 
cipated in by Mr. Hutton have contributed mainly to knowledge of soil types and 
areas in South Dakota. Recently Mr. Hutton published “Thirty Years of Soil 
Fertility in South Dakota” (South Dakota Agr. Exp. Sta. Bui. 325). This bulletin 
is intended to be a summary of -crop yields resulting from differential treatments 
under conditions of environment in this area. People who know about the details 
of carrying through soil and crop experiments over long periods with or without 
plenty of advice from democracy will be able to appreciate such a contribution. 
Mr. Hutton was author or co-author of a number of bulletins and circulars, 
likewise of various papers in scientific journals. 

He was a member of American Society for Advancement of Science, the Ameri- 
can Society of Agronomy, American Genetic Association, National Geographic 
Society, State academies of South Dakota, Indiana, and Illinois, International 
Society of Soil Science, Alpha Zeta, and Sigma Chi. He served during the World 
War wdth the rank of Second Lieutenant.— A. N. Hume. 

JACOB GOODALE LIPMAN 

1 Y HTH the passing of Doctor Lipman, American agriculture has lost a brilliant 
investigator and an outstanding contributor to our knowledge of the soil and 
its relation to plant growth and agricultural practice. 

A graduate of Rutgers College of the Class of 1898, a member of the staff of the 
New Jersey Agricultural Experiment Station .since 1899, only a brief inter- 
ruption for graduate w^ork, Director of the Experiment Station since 19 1 1 and 
Dean of the College since 1914, Dr. Lipman has played a most important role in 
the building of these institutions from a small foundation to one occupying a lead- 
ing place among the teaching and research institutions in this country. His keen 
scientific mind, his practical approach to the many difficult problems that he had 
to face, his outstanding administrative ability, and especially his profound 
humanitarianism in his relation to his colleagues and his subordinates, were well 
recognized. Following closely in the footsteps of his two distinguished predeces- 
sors, Dr. George H. Cook and Dr. E. B. Voorhees, Dr, Lipman continued their 
pioneer work in the field of agricultural science and signally succeeded in bringing 
together science and practice for the common good. 

In his own selected field of work, namely in soil science, Doctor Lipman has 
occupied an outstanding place. His own contributions to our knowdedge of the 
problems of nitrogen-fixation, decomposition of organic matter, and denitrification 
have attracted world-wide attention. Doctor Lipman’s writings, including his 
book “Bacteria in Relation to Country Life”; the journal of Soil Science, which 
he established and edited for a period of 24 years; his editorship of various mono- 
graphs in agricultural science; his contributions to numerous farm journals and 
agricultural encyclopedias — all stand out among his great achievements. 

Outstanding among the contributions of Doctor Lipman was his leadership in 
the scientific societies of this country and of the world at large. As former Presi- 
dent of the Association of Land Grant Colleges and Universities, as President of 
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the American, Society of Agronomy of which he was a charter member, and as first 
President of the International Society of Soil Science, he has helped to crystallize 
the progress made in agricultural science. This was acknowledged by numerous 
national and international societies, as evidenced by the many honors showered 
upon him by governments, universities and scientific societies, by medals and 
memberships of editorial boards of foreign and domestic journals, etc. He served 
a.s American delegate to the International Institute of Agriculture at Rome in 
1922, 1924, and 1926, to the International Conference of Soil Science in Prague in 
1922 and in Rome in 1924, as President of the First International Congress of 
Soil Science at Washington in 1927 and as chairman of the American delegation 
to the Third International Congress of Soil Science in 1935 at Oxford, England. 
In 1929 he was designated to serve as one of the representatives of the state ex- 
periment stations on a national committee on soil erosion to formulate plans for 
a national approach to this important problem. He served on numerous commit- 
tees of a national or of a state nature. 

The recognition of the importance of microbiological processes in soil fertility 
and in plant nutrition was well expressed by Dr, Lipman in one of his chapters 
on the “Microbiology of the Soil” published, in 1911, in Marshalls Microbiology. 
“Soil -formation is not entirely a mechanical or chemical process. Even before the 
layer of weathered rock acquires any apprecia,ble depth, microscopical and 
macroscopical forms of life gain a foothold on the uneven surface. With the aid of 
sunlight they build organic compounds and make use of the combined or elemen- 
tary nitrogen of the atmosphere. Their life activities result in the production of 
carbon dioxide and of varying organic and inorganic acids which in their turn 
react with the constituents of the rock particles. In this manner the biological 
activities become of utmost moment in the transformation and migration of 
mineral substances in nature. Soil science must build a foundation large enough 
and strong enough to support the study of plant food resources and their mobiliza- 
tion, of the inter-relations of soil and plants and of soil characteristics and peculiari- 
ties as reflected in the make-up of plants, animals and man. As students of soils 
and soil resources we must think not only of plant-food but of its mobilization. We 
must consider the soil solution not alone in its local relations, but as a part of a 
great mass of fresh water moving to the sea. We must consider the cubic miles of 
sediment deposited at the outlets of great rivers as a toll upon the land and as a tax 
on those who till it. We must include in our reckoning the circulation of carbon, 
hydrogen, nitrogen and sulfur as affected by combustion, decay and fermentation. 
We must think, finally, of ancient plant and animals, as well as of those now liv- 
ing, as possessors of something that in the workshop of creation must be used over 
and over again. We are the technical advisers to the nations who are trustees of 
precious raw materials. These must be used wisely and conserved effectively in 
order that human kind may travel with the least pain and sorrow on its road of 
destiny.”:’ \ 

The contributions of Doctor Lipman to soil science were well expressed by Sir 
John Russell, in an article published in the fortieth volume of Soil Science dedi- 
cated to its editor: “He began his work at a critical period in the history of agri- 
culture. The new science of bacteriology, just being applied to agriculture, had 
revealed a new and hitherto completely unexpected world of life-living organisms 
so small and yet so numerous that the mind utterly failed to grasp the figures ex- 
pressing either their size or their number. In the agricultural laboratories the 
achievements of Winogradsky, Beijerinck, Warington, and others had shown a 
wonderful picture of soil life, rousing the imagination and stimulating the scien- 
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tific interest of many of the yoimger workers of the day. They had used culture 
methods, in the main the elective methods, excluding all organisms but the one 
under investigation and they had achieved marvelous results. Doctor Lipman 
began also by using these methods to study a question which was then causing 
considerable commotion in agricultural circles, the loss of nitrogen from farm- 
yard manure. This had always been regarded by practical men as the ideal ferti- 
lizer, and the battle of the giants of those days raged about the question; farm- 
yard manure versus artificials. His discovery that Azotobacter by itself can fix 
nitrogen is of historic importance, but equally valuable was his gradual rec-ognition 
of the importance of the compositions of organic, matter—its carbon-nitrogen 
ratio — on its decomposition in the soil.” 

The loss of Doctor Lipman’s leadership, his scientific acumen, and his humani- 
tarian qualities are profoundly felt, not only by those who were in cdosc daily 
contact with him, but also by his innumerable friends and his former associates 
and students scattered throughout this and many foreign countries. To few men 
is it given to exert such a profound infiuence on so many fields of scientific en- 
deavor, and to become an inspiration and helj) to so many of liis fellow men.— 
Selman A. Waksman. 


FREDERICK LUDWIG MUSBACH 

pREDERICK LUDWIG MUSBACH, Professor of Soils in the Wisconsin Col- 

lege of Agriculture, was killed in an automobile accident September 14, 1939. 
He was born on a Wisconsin farm March 10, 1877, After completing his cour.se in 
the Milwaukee Normal School he taught a few years before coming to the Univer- 
sity and was graduated from the College of Agriculture in 1909. He was at once 
appointed assistant in the college. His first assignment was that of making a recon- 
naissance survey of two large areas in nortliwesteni Wisconsin, a job he completed 
in a very credible manner. 

In 1912 Professor Musbach was piac?ed in charge of the research work on soil 
management on the northern Wisconsin substations in which he was engaged until 
his death. In 1937 the people of that region celebrated the completion of 25 years 
which he had devoted to the stud}” of their soil problems and erected a plaque 
expressing their appreciation of his labors in their behalf. 

Professor Musbach attended the second meeting of the AmerkviU Society of 
Agronomy at Omaha and was a member and regular attendant; on e.ssentiiilly all 
meetings thereafter. His more important coiitribtitif>ns have been based on studies 
of the silt loam soils derived from old glacdal drifts in a region of crystalline I'ocks 
in the north central and most intensive dairy region of the state. These studies 
included work on methods of maintaining organic matter, (A their fertilizer needs, 
and of the physical and chemical conditions in relation to the growth of legumes, 
especially of alfalfa. For a number of years he has given special attention to the 
soil and fertilizer problems of the two most important special crops of Wisconsin, 
namely canning peas and potatoes. 

His papers in the Journal deal with the relation of weather as a factor in crop 
production and on the effect of fertilizers on the quality and chemical composition 
of canning peas. His last paper, in cooperation with Professor J. C. Walker, is a 
study of the relation of root rot infestation of peas to fertilizer application and will 
appear soon in the Journal of Agricultural Research. 

In addition to papers on research projects Professor Musbach wrote a number 
of bulletins of an extension ch^iracter on various soil problems of the region. 
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Professor Musbach was a man of exceptionally fine personality, of great physi- 
cal and intellectual energy, and was a recognized leader in the educational and 
civic groups of the region of his life’s work. Announcement has just been made 
that in his will he has provided that half of his estate will be given to the College 
of Agriculture for the establishment of fellowships providing for further study 
of the problems of soil management. His wife, an invalid for many years, died in 
January of this year and their only cliild, William P., is now engaged in work with 
the Department of Agricultural Economics following completion of his graduate 
work at the University of Wisconsin.’—A. R. Whitson. 

CHARLES FREDRICK SHAW 

p'H ARLES FREDRICK SHAW, Professor of Soil Technology at the Uni- 
^ versity of California, and Soil Technologist in the Agricultural Experiment 
Station, passed away in Berkeley, California, on September 12 after a brief illness. 
Born in West Henrietta, New York, May 2, 1881, after a brief period of prepara- 
tory schooling he entered Cornell University from which he was graduated in 1906. 
Shortly after graduation he was appointed Scientific Assistant in the Division of 
Soil Survey, Bureau of Soils of the U. S. Dept, of Agriculture. After a period of 
service in soil surve}^ work in Louisiana and Texas he accepted an appointment as 
Instructor in Agronomy at the State College of Pennsylvania in 1907 where he 
became Assistant Professor of Agronomy in 1909. During his period of service at 
Pennsylvania State College he participated in soil surveys in cooperation with the 
Bureau of Soils in various areas in that state. 

In 1913, under Dean and Director Thomas F. Hunt, who gathered about him a 
group of very able men, Professor Shaw was called to the University of California 
to a position which he occupied and faithfully filled, except for brief periods of 
leave, until his death. In addition to a heavy burden of teaching, he found time for 
activity in research and publication of numerous technical papers dealing with 
soil surveying and soil classification, and under his able direction a program of soil 
surveys in California in cooperation with the Bureau of Soils, later Bureau of 
Chemistry and Soils and Bureau of Plant Industry, was built up. During this 
period a total of more than 60 detailed and reconnaissance soil surveys were com- 
pleted, in addition to which he conducted a number of independent soil surveys 
and studies in the state for the California Department of Public Works and other 
official and local organizations. 

He was widely traveled, accompanied by Mrs. Helen Hosterman Shaw whom he 
married in 1909. He visited and studied soil and agricultural conditions in Aus- 
tralia, New Zealand, Hawaii, and many other regions and countries. In 1930 he 
was Visiting Professor at the University of Nanking where he conducted extensive 
field studies in China and laid the basis for systematic soil surveys later under- 
taken. Several summer periods were spent in Mexico in an advisory capacity to 
the National Commissioner of Irrigation in teaching and training a corps of men 
in soil surveying. He served at various times as a member of various advisory 
committees and in field investigations for the U. S. Reclamation Service and other 
federal and state organizations. 

He was a member of the International Society of Soil Science and official 
delegate of the University of California to International Soil Congress sessions 
held in Washington, Russia, and England in the proceedings of which he took 
active part, and had been asked to succeed the late Dr. C. F. Marbut as Chairman 
of Commission V, Subcomnpssion for North America. He was a Fellow of the 
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American Society of Agronomy, of the American Geographical Society, and of the 
American Association for the Advancement of Science, and a member of the Soil 
Science Society of America and a past President of the American Soil vSurvey 
Association which preceded it. He was also a member of the American Society of 
Agricultural Engineers, Western Society of Soil Science, California Academy of 
Sciences, and of other scientific, fraternal, and social organizations, including 
Alpha Zeta and Sigma Xi. Funeral services attended by a large circle of associates 
and friends were conducted with Masonic rites. 

In his office as teacher his advice and counsel was constantly sought and freely 
given, for it was his province not only to teach but to inspire. Good teacher— good 
scientist — good citizen — ^good friend.-— Macy H. Laitiam. 

FRED WILLIAM TINNEY 

F red william TINNEY was bom at Saco, Montana, October 30, 1907. 

After graduation from the local high school, he entered the State Teachers* 
College, Oshkosh, Wisconsin, where he received the degree of B.Ed. in 1929. He 
spent two years at the University of Oklahoma as assistant in botany, taking an 
M.S. degree in 1931. He then came to the University of Wisconsin as research 
assistant, which position he held until his appointment, in February, 1936, as 
assistant agronomist in the Bureau of Plant Industry, IT. S, Dept, of Agriculture. 
The degree of Ph.D. was received in 1933. 

His research included a thorough-going study of heteropycnosis in two .species 
of Sphaerocarpos,MiQ.tt)iis came an investigation of the cytology of an ornamental 
grass, Agrostis riebulosa. This led naturally to the study of the genetics and 
cytology of pasture grasses. After Dr. Tinney’s appointment in the Bureau of 
Plant Industry, work in this field was carried on at Madison in cooperation 
with the Department of Agronomy of the University of Wisconsin. A paper 
embodying his extensive studies of blue grass {Poa praiensis) is in press. 
This grass has been the source of much confusion because of the multitude of races 
included within the species, and of the variety of chromosomal conditions which 
these races manifest. Tinney’s observations of the peculiar methods of embryo-sac 
and embryo-development characterizing the species go far, toward explainingthe 
peculiar genetic behavior of its varied forms. It promises, too, to supply a basis 
for the selection and breeding of improved strains of this and other grasses— a 
relatively new field of endeavor in America. 

Deeply devoted to fundamental research in accordance with his training and 
inclinations, Doctor Tinney in his later work developed a keen insight into the 
applied aspects of his studies. Quiet and unassuming, he was highly respected by 
his fellow workers and many friends, who recognized in him the qualities of sub- 
stantial leadership among the younger group of American scientists. 

He married Madeline Morrissey on June 12, 1939. Both Doctor and Mrs. 
Tinney attended the Internatioxial Congress of Genetics at Edinburgh and were 
passengers on illAsited Athenia sunk off the coast of Scotland, Sej)tember 3, 
1939. They were among those listed as missing after the disaster.— C. E. Allen, 
R. A. Brink, and L. F, Graber of the University of Wisconsin, and 0 . S. Aamodt, 
of the Bureau of Plant Industry. 
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NOMINATING COMMITTEE 

T he Nommating Committee consisting of R. J. Garber, chairmafi, and F. D. 

Keiin, W. A. Albrecht, H. C. Rather, and A. M. O’Neal, made the f ollowing 
iioiniiiations: Dr. Richard Bradfield of Cornell Universiry as representative on 
the Union of Biological Sciences; Dr. R. M. Salter of the Ohio Agricultural 
Experiment Station and Dr. S. T. Dexter of Michigan State College as repre- 
sentatives of the Society on the Council of the American Association for the 
Advancement of Science; and for Vice-President of the American Society of 
Agronomy, Dr. L. E. Kirk of Ottawa, Canada. 

Upon motion the Secretary was instructed to cast one vote for these nominees 
and they were declared unanimously elected. 

Respectfully submitted, 

G, G. PoHLMAN, 


AGRONOMIC AFFAIRS 

OFFICERS OF THE AMERICAN SOCIETY OF AGRONOMY 
FOR 1940 

President, F. J. Alway, University of Minnesota, 

Vice-President, L, E. Kirk, Dominion Agr. Exp. Station, Ottawa, 
Canada. 

Chairman, Crops Section, S. C. Salmon, U. S, Dept, of Agriculture. 
Chairman, Soils Section, W. H. Pierre, Iowa State College. 

Editor, J, D. Luckett, New York State Agr. Exp. Station. 
Secretary-Treasurer, G. G. Pohlman, West Virginia Agr. Exp. 
Station. 

Members of the Executive Committee, R. J. Garber, U, S. Dept, of 
Agriculture, and Emil Truog, University of Wisconsin. 

OFFICERS OF THE CROPS SECTION FOR 1940 

A NOMINATING Committee appointed by Professor F. D. Keim, 
Chairman of the Crops Section, at the business meeting of the 
Section held in New Orleans November 22 was composed of R. D. 
heswh, Chairman, and R. G. Wiggans and M. T. Jenkins. The com- 
mittee presented the following slate of officers for the Section for 
1940 which was unanimously approved: For Chairman, S. G. Salmon 
of the U. S. Dept, of Agriculture, and as members of the Executive 
Committee of the Section, P. C. Mangelsdorf of the Texas Agr. 
Exp. Station and C. J. Willard of Ohio State University. 

OFFICERS OF THE SOIL SCIENCE SOCIETY OF AMERICA 
FOR 1940 

President, W. H. Pierre, Iowa vState College. 

Past President, Wm, A. Albrecht, University of Missouri, 

Secretary, C. E, Kellogg, U. S. Dept, of Agriculture. 

Treasurer, G, G. Pohlman, West Virginia Agr, Exp. Station. 

Editor, J. D. Luckett, New York State Agr. Exp, Station. 
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Section I 

Chairman^ J, F. Lutz, North Carolina State College. 

Past Chairman, G. B. Bodman, University of California. 
Secretary, Willard Gardner, Utah State Agr. College. 

Section II 

Chairman, M. S. Anderson, U. S, Dept, of Agriculture, 

Past Chairmam., J. W. Tidmore, Alabama. Polytechnic Institute. 
Secretary, C. E. Marshall, University of Missouri. 

Section III 

Chairman, A. W. Hofer, New York State Agr. Exp, Station. 

Past Chairman, N. R. Smith, U, S. Dept, of Agriculture. 
Secretary, 0 , li. Sears, University of Illinois. 

Section IV 

Chairman, W. H. Metzger, Kansas State College. 

Past Chairman, J. J. Skinner, U. S. Dept, of Agriculture. 
Secretary, J. K. Naftel, Alabama Polytechnic Institute. 

Section V 

Chairman, T. M. Bushnell, Indiana Agr. Exp. Station. 

Past Chairman, S. S. Obenshain, Virginia Agr. Exp. Station. 
Secretary, H. H. Krusekopf, University of Mivssouri. 

Section VI 

Chairman, H. E. Middleton, U. S. Dept, of Agriculture. 

Past Chairman, W. L. Powers, Oregon State College. 

Secretary, W. W. Weir, University of California. 

MEMORIAL SERVICE FOR DOCTOR LIPMAN 

A memorial service for the late Dr. J. G. Lipman was held at 
Temple Emanu-El, Fifth Avenue and 65th Street, New York City, 
on Sunday afternoon, November 26, 1939, under the auspices of a 
number of learned societies and organizations, including the American 
Society of Agronomy. Among the speakers at the seiwice were Dr. 
Henry G. Knight of the U. S. Dept, of Agriculture, Dr. Gabriel 
Davidson of the Jewish Agricultural Society, Professor O. S. Morgan 
of Columbia University, Dr. Carl B. Woodward of Rutgers Uni- 
versity, Dr. Harold B. Allen of the National Farm School, and Dr. 
Arthur D. Goldhaft of the Baron de Hirseh Agricultural School. 

JOHN JACOB PIEPER 

D r. John Jacob Pieper, died November 26 at Pana, Illinois, as a 
result of a heart attack while on his way home from the New 
Orleans meeting of the American Society of Agronomy. Doctor 
Pieper was Professor of Crop Production in the College of Agriculture, 
and Chief in Crop Production in the Agricultural Experiment Station, 
University of Illinois, with which he has been connected for 22 years. 

Doctor Pieper graduated from the University of Illinois in 1916; 
received the M.S. degree from the same institution in 3917; and ob- 


1072 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

tained the Ph.D degree at the University of Wisconsin, in 1927, He 
was a member of the American vSociety of Agronomy, and the Sigma 
Xi, Alpha Zeta, Phi Sigma, Gamma Sigma Delta, and Theta Chi- 
fraternities. 

In addition to his striking success as a teacher, he made note- 
worthy contributions in the field of research. During the later years 
he gave special attention to the subjects of pasture improvement and 
weed control. The long list of bulletins, circulars, and journal articles, 
of which he is author or co-author, testify to his productiveness in the 
field of research. 

NEWS ITEMS 

On September i, D. D. Mason, Assistant Agronomist, Virginia 
Agricultural Experiment vStation, resigned from his duties as Soil 
Surveyor to accept a fellowship in the Agronomy Depaitment at 
Ohio State University, where he hopes to take the Ph.D. degx*ee in 
Soil Fertility. Mr. Mason received his M.S. degree in Agronomy 
from, Virginia Polytechnic Institute in June 1938, Mr. Ashton 
Sinclair, a 1938 graduate of V. P. I., was added to the Experiment 
Station staff to fill the vacancy caused by Mr, Mason’s resignation. 

Dr. Werner FIusmann, a graduate of the Univensity of Berlin, 
and formerly connected with the German Nitrogen Syndicate, was 
employed as Assistant Professor of Agronomy at Virginia Polytechnic 
Institute, effective October 5. 
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